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TEMPERATURE UNIFORMITY AT 1000°F + 3° 


WITH OUR NEW QUARTZ HEATING ELEMENTS 


Tri Metal Works, vacuum specialists since 1946, has taken 
another giant step ahead in high vacuum ovens with new 
low-mass quartz heating elements that insure temperature 
uniformity at 1000°F +3°. (Temperatures up to 2500°F 
available.) Other advantages include no temperature over- 
ride, better uniformity, closer temperature control, cleaner 
system, linear heat-up and faster cool-down. For the finest 
in standard high vacuum oven equipment, dry boxes, pump- 


TRI METAL 


ing systems or custom fabrication contact Tri Metal Works, Inc. 
For a free detailed brochure write to: TRI METAL WORKS 
INC. Industrial Division 1600 Bannard Street, East Riverton, 
New Jersey, or Phone 829-2000. 

A PARTIAL LIST OF CLIENTS: RCA/Western Electric Co./Tullahoma Air Force 
Base/General Electric Co./Clevite Corp./Union Carbide-Nuclear Div.— Oak 
Ridge/Burroughs Corp./Princeton University/University of Virginia/F.J. Stokes 


Corp./H.W. Butterworth—Div. of Van Norman Industries/Drever Co./Taber 
Instruments, Inc./Monsanto Chem. Co./Bendix Corp. 


TRI METAL WORKS INC. 


EAST RIVERTON, NEW JERSEY 


QUARTZ HEATING ELEMENTS BY WESTINGHOUSE 


Circle No. 1 on Reader Service Card 


vapor-deposited 
Epitaxial Silicon Wafers 
on stream 

at New Merck Plant 


production quantities available from pioneer ff hyper-pure silicon 


<q Photomicrograph of oblique cross section of an 
epitaxial three-layer silicon wafer with the configura- 
tion P+N on an N+ substrate. 


For improved device characteristics you can rely on Merck Epitaxial Wafers with their superior surface finish, precise 
layer thickness control and uniform resistivity profile. You can also reduce saturation voltage and improve switching 
characteristics. Device potential is practically unlimited. 


There’s no need to wait for these benefits. Merck 
Epitaxial Silicon Wafers in production quantities are 
immediately available in N*N and PtP configura- 
tions. For details write, wire or phone today. 
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J.T. Baker 


Tit. 


ELECTRONIC 
CHEMICALS 


Acetic Acid, Glacial 
Acetone 

Aluminum Nitrate 
Aluminum Sulfate 
Ammonium Carbonate 
Ammonium Chloride 
Ammonium Hydroxide 
Ammonium Phosphate 
Antimony Trioxide 
Barium Acetate 
Barium Carbonate 
Barium Fluoride 
Barium Nitrate 
Benzene 

Boric Acid 

Cadmium Chloride 
Cadmium Nitrate 
Cadmium Sulfate 
Calcium Carbonate 
Calcium Chloride 
Calcium Fluoride 
Calcium Nitrate 
Calcium Phosphate 
Carbon Tetrachloride 
Cobalt Carbonate 
Cobalt Oxide 

Cobalt Nitrate 

Ether, Anhydrous 
Hydrochloric Acid 
Hydrofluoric Acid 
Hydrogen Peroxide, 
30% and 3% Solution 
Lithium Carbonate 
Lithium Chloride 
Lithium Nitrate 
Lithium Sulfate 


Magnesium Carbonate 
Magnesium Chloride 
Magnesium Oxide 
Manganese Dioxide 
Manganese Nitrate 
Manganese Sesquioxide 
Manganous Carbonate 
Methanol 

Nickel Carbonate 
Nickel Oxide, Black 
Nickel Oxide, Green 
Nickelous Chloride 
Nickelous Nitrate 
Nickelous Sulfate 
Nitric Acid 

Petroleum Ether 
Potassium Dichromate 
Potassium Hydroxide 
iso-Propyl Alcohol 
Radio Mixture No. 3 
Silicic Acid 

Sodium Carbonate 
Sodium Chloride 
Sodium Hydroxide 
Sodium Phosphate Dibasic 
Strontium Carbonate 
Strontium Nitrate 
Sulfuric Acid 

Toluene 
Trichloroethylene 
Triple Carbonate 
Xylene 

Zinc Chloride 

Zinc Nitrate 

Zinc Oxide 


IMPORTANT GUIDE TO J.T. BAKER 
ELECTRONIC CHEMICALS for semi- 
conductors, vacuum tubes, ferrites, 
thermistors, etc. Also includes speci- 
fication sheets that define high 
standards precisely. Write Baker for 


your free copy. 


J.T. Baker Chemical Co. 


Phillipsburg, New Jersey 
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Frent Cover 


Shown is the uncapped Micrologic Half-shift Register now in pro- 
duction at Fairchild Semiconductor, Mountain View, California. 
Using this integrated functional digital building block along with 
other Micrologic elements, computer manufacturers may build the 


complete logic and control section of a digital computer at re- 
duced size. 
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CHEMICAL USERS KNOW 


what a difference a day makes 


.»» PARTICULARLY THE DECISION-MAKERS IN THE 
ELECTRONIC INDUSTRY. In no other industry are 
is processing problems more complex, quality standards 
\ \\ more demanding. Production chemicals must meet 
\ \\ your specifications, must be shipped on time. 


SAME DAY SHIPMENT OF HIGHEST PURITY ELECTRONIC 
CHEMICALS. The J. T. Baker electronic chemicals offer you the THE ELECTRONIC CHEMICAL USER BUYS MANY 


highest standards of purity and most precise labeling in the VALUES TO PLEASE MANY MEN 
industry. J. T. Baker ships more than 90% of all orders the same 


day they’re received. We keep our inventories high so you can 
keep yours low. 


...he knows that bidding to specifications is only one 
measurement—he measures all the values, For example, 
when he buys chemicals he knows a precise definition 


ACTUAL LOT ANALYSIS ON LABEL. Every ‘Baker Analyzed’ of purity helps the Electronic Engineer, For the Plant 


Superintendent, consistently high quality means fewer 
variables and fewer rejections. For the Production Man- 
ager, fast on-time deliveries are important. Which val- 


Highest purity ...most precise labeling... same-day shipment. ves help the Quality Control Chief? the Cost Accountant? 
Surely three good reasons to discuss your requirements with The electronic chemical user knows! It’s the reason 
J. T. Baker Co., Phillipsburg, N. J. See list of electronic chemi- J.T. Baker is preferred. 

cals on opposite page. 


Reagent is labeled with an Actual Lot Analysis that defines pur- 
ity to the decimal, more than 300 also with an Actual Lot Assay. 


(fant) J.T. Baker Electronic Chemicals 


é 
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Why MOTOROLA ‘relies on electronic chemica 


Temperature must be accurately controlled as epi- Each of these epitaxially grown See Stes we 

taxial layers are grown on wafers of germanium and yield 440 transistors and is carefully Cc cope ala : 

silicon. Here an optical pyrometer is used to check the diffusion to insure maximum reliability of tl e finishe 

exact surface temperature of silicon wafers during, product. B&A chemicals meet the high-quality require- 

this process stage at Motorola. ments for this critical production step. 4 


EL 


Ultra-high purity B&A® “Electronic Grade” chemicals 


meet stringent quality requirements for 


polishing silicon epitaxial wafers. 


Leadership in epitaxial transistor technology means a lot of 
things... infinite attention to the smallest details .. . immaculate 
cleanliness in all phases of production . . . use of only the finest 
process materials. All are heavily emphasized at Motorola. 


That’s why Motorola relies on B&A “Electronic Grade” chemicals. 
These electronic chemicals meet the strictest standards for 


purity and uniformity ... hold impurities to the lowest 
levels ever attained. 


If chemical purity and reliability affect the quality of your 
products, you ought to know the full B&A quality story. A request 
on your company letterhead will bring detailed information. 


llied 


BAKER & ADAMSON® hemical 


**Electronic Grade” 
Chemicals 


GENERAL CHEMICAL DIVISION 


40 Rector Street, New York 6, N.Y. 
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HI-PURITY...HARD-DENSE 
CARBON and GRAPHITE for 


i. 
2. 
3. 
4. 


@ PROVIDES OUTSTANDING 
OVEN LIFE 


@ RESISTS OXIDATION AND 
MECHANICAL EROSION 


The Pure Carbon Company has com- 
plete facilities for the precision man- 
ufacturing of all types of boats and 
fixtures in *Grade L-56 and other out- 
standing materials. We have also pio- 
neered the manufacture of small, 
extremely accurate emitter and collector 
washers, header weights, etc., in **Grade 
P-1. 

The most widely 
used electro-graphite 


in the semi-conduce 
tor industry 


**Molded -to-size carbon 
graphite with dense, smooth 
surfaces and chip-free edges 


& 


EMITTER and COLLECTOR WASHERS 


Sectional view of 
typical configuration 
shown 20X size 


Write for complete information»and. quotations 


PURE CARBON COMPANY, INC. 
449 HALL AVE. ST. MARYS, PENNSYLVANIA 
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ast year the electronics industry invested 

ver $100 million in materials for semiconductor 
evices. One of the outstanding leaders who 
rovide advanced design and engineering 

ervice in glass-to-metal seals is 


VERITRON WEST, INC. 


5353 Strohm Avenue 
North Hollywood, California Tel: TR 7-5461 


East Coast sales office 
21-01 43rd Avenue, 
Long Island City, New York Tel: EM 1-9540 


a division of © 


& 
@ 
@ @ ALLOYS 


@ UNLIMITED 


® 
@ ~ INC. 


If you have a sealing problem, we welcome your challenge. Send prints for immediate quotation. 
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NOW: All kinds of metal stampings and wire forms 


for semiconductors ... by the millions! 


From just a few feet away, some of these parts are all but 
invisible to the naked eye. Close up, each reveals the 
marvel of precision that marks all Sylvania parts custom- 
made for semiconductor device manufacturers. 

You'll find our millions-of-parts-per-day facilities pay 
you big dividends whether you need caps or cups, clips or 
clamps, cuts or leads, heat sinks or headers. Our special- 
ties? Stringent production schedules and incredibly tight 
tolerances. 

Specifically, Sylvania maintains a tough-minded quality 
control department that even covers equipment tooling 
and inspection of incoming material. We even manufac- 


meannennnnee 


SUBSIDIARY OF 


ture our own wire and ribbon to be sure of their quality. 
This thoroughness minimizes rejection rates and helps 
customers meet their own production schedules. 


Our experience with a wide variety of materials means we 
can Satisfy a greater number of special requirements. We 
have even developed our own equipment to handle 
unusual needs. 


Total result to you: unsurpassed quality in semiconductor 
parts—even if you order millions of parts per day. 


For further details—or a quote on a specific project—write 
Sylvania Electric Products Inc., Parts Division, Warren, Pa. 


GENERAL TELEPHONE & ELECTRONICS 
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SILICON NEWS from Dow Corning 


Need 1-0-O 


‘Specify float zoned crystals 
for these three reasons... 


Silicon? 


You will find Dow Corning Hyper-Pure 
(1 0 0) erystals provide a number of definite 
advantages over Czochralski pulled crystals 
with (1 0 0) orientation. 


More Uniform Dimensions. With Dow 
Corning vacuum float-zoned (1 0 0) crystals, 
you get more than twice the useable length of 
the usual Czochralski crystal . . . better than 
50% more than the best premium Czochralski 
crystal. Physical profile is far more uniform, 
so wafers have more consistent physical dimen- 
sions. Result: crystals that are easier to process 
. . « less waste. 


More Uniform Parameters. Lateral and ra- 
dial parameters are more uniform throughout 
the entire length of Dow Corning vacuum float- 
zoned (1 0 0) crystals. Typical resistivity 
curves show float-zoned crystals vary less from 
end to end—and the ends are up to three times 
further apart. This consistent quality — plus 
uniformity from rod to rod—means fewer 
rejects . . . increased device yield. 


Ease of Handling. For the clean cleavage 
and nearly waste-free handling of (1 0 0) 
oriented silicon crystals, plus the advantages of 
uniform dimensions and uniform parameters, 
specify Dow Corning crystals. Greater length 
means less chance for contamination, less 
waste and easier handling in scribing and 
scoring wafers. 


Whatever your need — float-zoned crystals of 
(1 0 0) orientation; crystals of (1 1 1) ori- 
entation; doped to specification or high resis- 
tivity rod; polycrystalline rod or prepackaged 
one-piece crucible charges — Dow Corning 
should lead your list of sources. 


Length: 50 mm to 250 mm 
(approx. 2” to 12”) 


Hill 


JE ESESE 


el 


ud 


fe 


20 


RESISTIVITY, OHM-CM 


10 
CENTIMETERS FROM SEED END 


Diameter: 12 mm to 20 mm 
(.5” to .79”) 


Diameter less than ] mm 
Variation: (.040") 


Resistivity : 1 to greater 
than 1000 


For free brochure — “Hyper-Pure Silicon for Semiconductor Devices” write Dept. 1821. 


Dow Corning CORPORATION 
HYPER-PURE SILICON DIVISION ¢© HEMLOCK, MICHIGAN 
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Now! 

Precision Preforms 

from a Truly Homogenous | 
Gold/Tin Alloy 

with Outstanding Yield 

and Reliability 
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Only Hevi-Duty Furnaces Meet Rigid Reliability 
Standards of Pacific Semiconductors, Inc. 


To meet rigid reliability standards, Hevi-Duty globar 
tube-type furnaces were selected by PSI because of 
their tight temperature uniformity. 

In the PSI Transistor Plant, at Lawndale, California, 
Hevi-Duty tube furnaces are used for silicon wafer 
diffusion at temperatures above 1200° C. During round- 
the-clock operation, the Hevi-Duty furnaces hold to 
+ 4° C over a 16-in. length within each 28-in. heating 
chamber...and to + 1° C over a 10-in. length. 

In addition to tight uniformity, Pacific Semicon- 
ductors, Inc., finds Hevi-Duty furnaces very easy to 
set up and load. Another important advantage is their 
ease of servicing. In one instance, PSI replaced a 


Semi-Conductors produced in these Hevi-Duty furnaces are 
used in the production of silicon transistors. Furnaces in- 
clude 114-in vestibules, a tap-changing transformer for the 
center zone, two powerstats with ammeters for the end 
zones, and are controlled by a saturable reactor. See your 
Hevi-Duty Sales Engineer, or send for our Bulletin 459. 


globar element while the furnace was operating at full 
temperature. The entire job took only 15 minutes and 
there were no detrimental effects on the load. 
Find out how the right Hevi-Duty furnace can bring 
you production efficiency and laboratory accuracy. 


 HEVI-DUTY 
B | A Division of 
Basic Products 


A DIVISION OF IC ~— Corsoration 


Hevi-Duty Electric Company, Watertown, Wis. 
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where 


METAL TELEPATHY * 


works for you 


*E.M.A.’s ABILITY TO ANTICIPATE 
THE ELECTRONIC INDUSTRY’S NEED 
FOR ADVANCED MATERIALS TECHNOLOGY. 


© ULTRA-PURE METALS AND ALLOYS 


A large selection of consistent quality semiconductor and other electronic 
materials. 


© FORMS” 


Ribbon, wire, strip, sheets, clads. Important progress in wire-forming brittle 
materials; clads with absolute uniform interface using ultra-pure metals at 
no premium in cost. 


Dots, spheres, rings, pellets, washers, discs, special shapes. 
All parts made to extremely fine tolerances. 


¢e PRECISION PLATING 
Exceptionally uniform precision plating for wire and other electronic parts to 
meet MIL specifications. 


_* ADVANCED ANALYTICAL FACILITIES. 


Complete spectrochemical, chemical, and metallographic analytical services with 
fast, accurate results. 


° MATERIALS APPLICATION ENGINEERING 


Pace setting engineering aid to help solve your materials problems. 


lectronic 


The most reliable 
single source for all 
your material requirements. 


etals and 


For technical literature describing E.M.A. 
products and services write or call: 


60 ARSENAL STREET, WATERTOWN 72, MASS. WALNUT 6-0400 
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Now it’s easy- 


with ultrasonic machining 


... using NORBIDE* boron carbide 


Yesterday, materials like ceram- 
ics, refractories and various new 
alloys were regarded as too hard or 
too brittle for conventional machin- 
ing. Today, precision-machining 
these and many other materials is 
routine with ultrasonic machine 
tools. 

Equally routine in this rapidly ex- 
panding field of machining is the use 
of NORBIDE boron carbide. Recom- 
mended by Sheffield and other ma- 
chine tool builders, this Norton-de- 
veloped abrasive has proved itself 
the ideal cutting agent. 


Driven by a vibrating ultrasonic 
force, far beyond the range of the 
human ear, NORBIDE grit hits the 
work with an impact of 150,000 
times the grain’s own weight 
without fracturing. Second only to 
diamonds in hardness and _ recog- 
nized as much more effective than 
silicon carbide grain, the Norton 
achievement is so free from impuri- 
ties that every ounce delivers high- 
precision, trouble-free cutting action 
with maximum power and longest 
life. 

Get more facts from your Norton 


On this Sheffield-Cavitron® Ultrasonic 
Machine Tool is shown the set-up for 
machining a motor laminator of ferrite 
— a material with the hardness of sap- 
phire and the machinability of glass 
Illustrated separately are a finished 
laminator and the two cutting tools in- 
volved. The smaller tool (A) first ma- 
chines the small slots around the center 
of the %” hole in the laminator to a tol- 
erance of +.001”. The larger tool (B) 
then machines the 16 wedge-shape slots 
simultaneously, concentric with O.D. 
and I.D. within .002” T.I.R. ‘‘Work- 
ing” this complex ferrite shape is typi- 
cal of the capability of Sheffield Ultra- 
sonic machine tools and NORBIDE boron 
carbide abrasive in broadening the ma- 
chinability of modern materials. 


Man on this tremendous advance- 
ment in modern machining. Find out 
how it can help you improve and 
economize your own production. See 
your Norton Distributor or write to 
Norton Company, General Offices, 
Worcester 6, Mass. Plants and dis- 
tributors around the world. 
*Trade-Mark Reg. U.S. Pat. Off. and Foreign Countries 


NORTON 
BORON CARBIDE 


G-417 


making better products«..to make your products better 
NORTON PRODUCTS: Abrasives + Grinding Wheels * Machine Tools + Refractories » Non-Slip Floors — BEHR-MANNING DIVISION: Coated Abrasives +» Sharpening Stones © Pressure-Sensitive Tapes 
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DIODE SOURCE BOOt 


e AN ADDITIONAL CHART LISTING AVAILABILITY OF DEVICES 
FROM VARIOUS MANUFACTURERS. 


e CHARTS ARE NOTEWORTHY FOR THEIR EASE OF USE AND 
COMPLETENESS OF PARAMETERS. 


e PACKAGING INFORMATION INCLUDED. 


“Separate charts are provided for each diode type. These 
charts are arranged in an ascending order of the numeri- 
cal values of the most important parameter of the de- 
vice. This permits a rapid selection of a specific type to 
meet the needs of the design engineer. 


Mens 


MMMM 


Price only $2.50 postage paid in the U.S.A. and possessions. 


N.Y. City residents add 3 % Sales Tax. 


' SEMICONDUCTOR PRODUCTS Sea 

| 300 W. 43rd St., New York 36, N.Y. 1 Oe 
SIRS: My check (money order) for $ is enclosed. | N Publication Date \ 
Please send Semiconductor Diode Source Book to: \ \ 
ee : \ on or about = 
\ 
| STREET ADDRESS \ 40s 31st 1961 \ 
| ae eae gant ~\ MwA 
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What's new in 


of SEMICONDUCT RYSTALS 
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Semimetals Adds One More... CUSTOMER ORIENTATION 


When sudden demands strain your crystal growing department, turn to Semimetals for monocrystal germanium. 
We understand the needs of device manufacturers...the schedule peaks that must be levelled...the requirements 
for delivery on a crash basis...the unusual material in lab quantities for experimentation...the technical assistance 
on special problems. We also understand the necessity of protecting your proprietary information... keeping it in 


strictest confidence. These are the results of our total customer-orientation; our knowledgeability in the business. 


For many years, we have been a prime germanium crystal source to the semiconductor industry. We produce 
monocrystals by both zone levelling and Czochralski techniques, in standard orientations, with dopants as specified. 
Etch-pit concentrations of 2,000 to 5,000/cm?, 4,000 to 8,000/cm? and 6,000 to 12,000/cm? are supplied as 


standard; lower dislocation densities can be produced on special request. Low-lifetime materials for fast-switching 


applications are available. 


Semimetals is also an excellent source for infrared device materials. Whether your needs are cast germanium, 


single-crystal germanium, or silicon, investigate our facilities, 


METALS, INC. 172 Spruce Street e Westbury, L.I., N.Y. « EDgewood 3-8400 
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Editorial... 


THE STATE OF THE SEMICONDUCTOR BUSINESS 


The following remarks were excerpted, in part, from a recent talk given by Mr. Moses Shapiro, President 
of General Instrument Corporation. We concur whole-heartedly with the opinions expressed. 


“Questions have been raised concerning the validity 
of previous industry forecasts of growth and profitability 
of the business, analogies with the vacuum tube industry 
in its early days have been drawn, and, in general, the 
same kind of intellectual excesses are being engaged in, 
although now negatively rather than affirmatively as was 
the fashion during the past several years. 

‘This latest peak in interest appears to have been trig- 
gered by the appearance of the operating results con- 
cerning the first calendar quarter of this year of several 
companies heavily engaged in the semiconductor business. 

‘While this interest is perfectly valid and justified, it 
has led to some conclusion-jumping which is not well- 
considered. ... 

‘I do not mean to imply by these comments that the 
various analyses which have been made recently are with- 
out merit or that they do not properly point out the prob- 
lems and difficulties of the semiconductor business. I do 
mean that careful and discriminating judgment must be 
applied, and that it would be just as wrong to conclude 
that these problems are insuperable as it was to conclude 
that all that was necessary for fantastic success was to 
rub a genie’s lamp named “Semiconductor.” 

‘The problems facing the industry are real enough. In 
my judgment, the basic problem is that technological ma- 
turation and sophistication have advanced more rapidly 
than have the business and emotional maturity of some 
of those in decision-making roles. 

‘While enlarged capacity, increased competition and a 
less rapid utilization rate of new and advanced products 
are all reality factors which tend to create marketing 
difficulties, none of them, nor all of them together, can 
wholly account for the utterly absurd rate of price de- 
terioration which has recently afflicted some segments of 
the business. This result had to be the product of a mer- 
chandising, pricing and marketing immaturity which is 
perhaps inherent in a new industry which has grown as 
explosively as this one has. 

‘A proclamation that one will not be undersold by any- 
one is perhaps appropriate for across-the-street com- 
petitors in the department store field, but is hardly 
appropriate in a business in which scientific research, cus- 
tomer engineering and servicing, strength as a mass 
source and product reliability should play the crucial 


roles. Pricing policies apparently unrelated to perhaps 


unknown true costs hurt a whole industry temporarily, 
but must inevitably hurt more lastingly those responsible 
for such policies. 

‘Our own view of the basic future of the semiconductor 
business remains unchanged. This is not the vacuum tube 
‘business all over again. The technological advances of the 
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future will make those that have already taken place 
seem, in retrospect, like faltering first steps. 

‘In the predictable future, because of the startling 
scientific advances which will take place, no small number 
of giants will gobble up the entire business; the utilization 
of the devices of the industry will continue to grow at 
a significant rate; and the predictions of a billion dollar 
business will come to pass. The competition for the mar- 
ket place, for ideas and for people will continue at a keen 
pace. There will be those who falter and those who take 
their place; there will be those who decline and those 
who prosper. 

‘But it is in these times that the shape of the future 
will be able to be discerned by those with keen eyesight 
and keen insight. Those who panic and contribute to chaos 
will pay a deserved price; those who retain their senses 
of balance and judgment, who make sound product and 
marketing decisions, will survive and grow even though 
temporarily adversely affected. 

‘We begin to see even now the first emergence, after 
the recent hysteria, of some semblance of stability. Some 
undoubtedly have been sobered by the recent profit and 
loss results they have seen and are beginning to inquire 
into the validity of the doctrine of volume at any price. 
Perhaps now top corporate executives are paying atten- 
tion to the marketing policies of their divisional manage- 
ment field sales offices. Even some of the major respon- 
sible users of these products may well have begun to be 
concerned whether their long range interests are best 
served by a seemingly never-ending downward price 
spiral at a rate which will not support the component 
research, development engineering and reliability concepts 
as vital to their product success as it is to those engaged 
in this business. 

‘In semiconductors, we are forg- 
ing ahead—in sales, in product breadth, in technology 
and manufacturing capabilities, and in customer recog- 
nition. While we are not immune to the current situation, 
we have been and we are operating profitably and expect 
to continue to do so at satisfactory levels. The intensity 
and indeed the stupidity of some of the current storms 
do not dismay us; we’re confident that they will subside 
and when they do we expect to emerge even more solidly 
entrenched. We welcome the challenge of these times— 
we’re more than willing to match stability, ingenuity, 
capabilities and imaginative problem solving. We’re think- 
ing, building and planning for the long range future and 
no temporary vicissitudes will deter us. The semicon- 
ductor business is a good and growing business with a 
brilliant future, and generous rewards await those who 
have the courage and daring to drive ahead. When has 
America ever rewarded, for long, anyone who has less?” 
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dependent upon heat treatment; however, most of 

the information available in the literature treats 
these properties with respect to crystals rather than 
with respect to diffused material or devices’. In the 
literature, little mention is made of the effects of 
diffusion on cooling, fabrication heating or the other 
heating treatments on device characteristics. In an 
effort to orient these effects more closely to diffusion 
devices, the following studies-were undertaken: 

1. The dependence of bulk properties and device 
characteristics on the diffusion cooling path and 
rate. 

2. The stability of the resulting bulk properties 
during subsequent device fabrication heating. 

It was hoped that these studies would suggest par- 
ticular heating-cooling treatments which would re- 
sult in certain desirable combinations of bulk prop- 
erties. 

For the purpose of studying the dependence of bulk 
properties upon cooling path, two different experi- 
mental thermal programs (as shown in Fig. 1) were 
used. In the first, at the conclusion of heating at 
1300°C for 20 hours, the furnace was cooled at a rate 
of approximately 100°C per hour to a desired tem- 
perature (Curve B). At selected temperatures along 
this curve, slices were removed from the furnace and 
air quenched to room temperature. These experi- 
ments are termed “cool-quench” experiments. 

An alternate thermal program was followed (Curve 
A) whereby, after heating to 1300°C for 20 hours, 
the material was quenched to a specific annealing 
temperature and then held at that temperature for a 
variety of times before removing from the furnace. 
Slices were then quenched from this temperature at 
selected times. These experiments are termed “quench 


*Semiconductor Division, Raytheon Company, Newton, Mass. 
{Formerly associated with The Semiconductor Division of 
Raytheon. Now with Electronics Corp. of America, Cambridge, 
Mass. 


iF IS KNOWN that the bulk properties of silicon are 


Effects Of Heat Treatment On 
Diffused Silicon Material 
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The effects of post diffusion cooling treatments on several N-type silicon single crystals 

were investigated. Decreases of electron concentration were noted with heat treatment. 

Several combinations of cooling, quenching and annealing which lead to similar bulk 

properties are described. The magnitude of concentration changes are shown to be de- 

pendent upon the particular crystal and upon the position within the crystal. The appli- 

cation of these results towards the selection or preparation of material for particular device 
requirements is discussed. 


anneal” experiments. The dependence upon cooling 
path was shown by simultaneously programming part 
of the material along curve A of Fig. 1 and the re- 
mainder along curve B of Fig. 1. Of the material 
following curve B, the first sample was not quenched 
until the desired annealing temperature was obtained 
(e.g. 400°C after 9 hours cooling). Materials from the 
juncture of these two cooling paths were compared. 

All crystals used in these experiments were 5 to 10 
ohm-cm N type, grown in the <111> direction. They 
were pulled with a rotation rate of 60 r.p.m. in an 
argon atmosphere at a rate of 3 inches per hour from 
a silica crucible. 


Cool—Quench 

For the cool-quench experiments, 50 mil slices of 
approximately the same resistivity (a one to two 
ohm-cm spread) were studied according to position 
within the crystal. Samples were lapped, solvent 
cleaned, and given an HF etch before heating. In 
cases where it was desired to study only bulk prop- 
erties, no diffusant was used. The samples were 
loaded in a vertical position onto etched quartz boats 
and were placed in a furnace. 


COOLING CURVE A 
—-—-—COOLING CURVE B 
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Fig. 1—Experimental cooling programs. Curve A cor- 
responds to the cooling path for the 400°C “quench an- 
neal” experiments; Curve B corresponds to the cooling 
path for the “cool-quench” and “slow-cool” experiments, 
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Fig. 2—Log of the ratio of the room temperature con- 

ductivity of the material quenched from a particular 

temperature to the room temperature conductivity of 

material slow-cooled to room temperature vs. 
—A(1/T)x10*(°K)~ 

for three crystals. 
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Fig. 3—Dependence of resistivity upon slow cooling to 

and quenching from the indicated temperatures. Sta- 

bility upon fabrication heating is shown by comparing 
the solid with the dotted curves. 


The material was heated to and held at 1300°+5°C 
for twenty or more hours in a flowing argon atmos- 
phere. The longitudinal temperature variation within 
the furnace control zone was +1°C. 

At the conclusion of the 1300°C heat treatment, 
the furnace was cooled at a rate of 100°C/hr. Sam- 
ples were removed and air quenched at various tem- 
peratures along the cooling curve. The estimated 


time to reach room temperature after removal fron 
the furnace was two minutes. 

In order to remove any contaminated surface layer 
each side of the slice was lapped (a minimum of l( 
mils) until reproducible four point probe resistivity 
readings were obtained. 

Figure 2 shows a plot of log 6;/o29s vs. A 1/T where 
6; is the room temperature conductivity of materia 
quenched from any absolute temperature Tj, 629s is the 
conductivity of material slow cooled to 298° K anc 
A 1/T = 1/298 — 1/T;,. It can be seen from the data o: 
Fig. 2 that cool quenching samples in the ranges 
shown always produced material of lower condue- 
tivity than that of material slow cooled at 298°K. I 
should be noted that while the ratios of the conduc- 
tivities are crystal dependent, the configuration of 
the curves is generally the same. The curves oi 
Fig. 2 each show two segments; a nearly vertical and e 
nearly horizontal portion. Extrapolations of the high 
and low temperature portions of the curve intersect 
in the 700°C to 800°C range. This suggests that there 
are different annealing mechanisms at temperatures 
above and below this point. In view of this considera- 
tion it was decided to concentrate on the range below 
800°C. 

Within a crystal, shifts of resistivity were observed 
for particular quench temperatures. In some cases 
(as in Fig. 3, solid curve 1) the greatest shifts oe- 
curred at lower temperatures. In other cases there 
was little or no change with lower quench tempera- 
tures (Fig. 3, solid curve 2). While the slices of Fig. 
3 are numbered sequentially in increments of 75 mils 
each from the seed to the melt end of the ingot, the 
resistivity shifts which were observed cannot be at- 
tributed to position within the crystal. This point will 
be discussed later. 

The temperatures at which the shifts occur vary 
among crystals. 

The stability of the resistivity values during the 
post diffusion processing of the material into devices 
was studied. This was done by subjecting the material 
to the following simulated device fabrication heating 
cycles: 

a. Heating to 750°C in a nitrogen atmosphere and 

maintaining for 10 minutes. 

b. Heating to 400°C and maintaining for 5 minutes. 

The dotted curves of Fig. 3 show the resulting 
resistivities of the samples after the fabrication heat- 
ing cycles. Comparison of the dotted and solid curves 
indicates the resistivity remains approximately con- 
stant during such heat treatments. This suggests that 
the major shifts of resistivity occur during the diffu- 
sion heating and cooling cycle. 

In general the net concentration of electrons de- 
creased after heating. Fig. 4 shows the change in re- 
sistivity along crystals after heating at 1300°C, slow 
cooling to 500°C and quenching to room temperature. 
The magnitude of this decrease is larger toward the 
seed end of the crystal. 


It can now be seen that the resistivity resulting 
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from the heat treatment associated with the solid 
curves of Fig. 3 cannot be due to crystal position. 
Care was exercised to select material from that por- 
tion of the crystal which displayed a negative slope 
on a A 9 vs. distance plot similar to those of Fig. 4. 
If the variation of the resistivity is merely a reflec- 
tion of crystal position, then the resistivity should be 
gest at the lower quench temperature and smallest 
at the higher temperature; that this does happen 
ill be seen by referring to the solid curve 1, How- 
ever, an explanation other than slice position must 
e found for the material represented by solid curve 
2 since the material (slice 24) farthest from the 
seed displayed the greatest shift. 

To study the bulk lifetime of material from these 
ool-quench experiments, rectangular bars (approxi- 
ately 1.52 x 0.25 x 0.27 cm) were cut from the 
center area of each slice. Gold ohmic contacts were 
plated onto each end. The lifetime values were then 
determined by the photoconductive decay method’®. 

All lifetime values presented here have been cor- 
rected for surface recombination. 

While in all cases material which was cool-quenched 
suffered a degradation of lifetime from the pretreated 
value, materials which were quenched from certain 
temperatures degraded less than those quenched 
from other temperatures. Such resulting “lifetime 
peaks” can be observed occurring between 500 and 
700°C in Fig. 5. 

In addition, the magnitudes of the resulting life- 
times decreased with increasing distance from the 
seed. This result is indicated in Fig. 5 where curves 
1 through 3 progress respectively from the seed to 
the melt end of the crystal. While the data presented 
here concerns only one crystal this was a general 
phenomena which occurred in all the crystals tested. 
It should be observed that the sample which displays 
the peak of curve 1 is accompanied by a resistivity 
of 180 ohm-cm. That the lifetime is not solely a re- 
flection of this high resistivity is demonstrated by 
curves 2 and 3. In both of these cases accompanying 
resistivity values are 8 ohm-cm. 


: 


Quench Anneal 

For the “quench anneal” experiments, individual 
slices were cut in half. One-half of each slice was 
used for bulk studies, the other for device fabrication. 
Matching halves were subjected to the same heat 
treatment to allow the direct comparison of bulk 
properties and device characteristics from the same 
slice. Samples were heated at 1300°C for 20 hours 
as shown in Fig. 1. In the cooling cycle, some of the 
material was quenched to and held at a desired an- 
nealing temperature (Curve A) while the remainder 
was slow cooled to the annealing temperature (Curve 
B). Slices were quenched from annealing tempera- 
tures of 400°C, 600°C, and 700°C at selected times. 

For purposes of evaluation all slices were lapped 
and processed as previously described. 

In Fig. 6 we see typical resistivity and lifetime re- 
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Fig. 4—Resistivity change along crystals after indicated 

heat treatment. All slices are numbered from the seed 

to the melt end, The original resistivity ranged from 
5-10 ohm-cm. 
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Fig. 5—Lifetime after “cool-quench” treatment. Pre- 

treatment lifetimes were greater than 20 sec. for all 

samples. Bulk room temperature resistivities accom- 

panying the lifetime peaks were 180, 8 and 8 ohm-cm 
for curves 1, 2, and 3 respectively. 


sults for the above-mentioned annealing temperatures. 
Results of other crystals receiving the same heat 
treatment differ only in magnitude of resistivity and 
the time to reach equilibrium. As indicated in Fig. 6, 
the curve to the left of points A, B, and C represents 
the “quench anneal” path (Fig. 1, curve A). The 
area to the right represents the slow cool and anneal 
path (constant temperature portion of Fig. 1, curve 
5). 

By heating at 1300°C and quenching to 400°C the 
electron concentration is decreased from its original 
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value. This decrease continues for the first 30 min- 
utes of annealing. After this time there is a rapid 
increase in the concentration to an equilibrium value. 
Exact times necessary for the material to establish 
an equilibrium condition are crystal dependent. This 
is due to considerations which have not been ex- 
plored in this article (e.g. oxygen content, dislocation 
densities, crystal growing variables, etc.). However, 
in all crystals which have been investigated a cooling 
rate of 115°C /hr. was adequate to obtain equilibrium. 
It is noted some crystals can be cooled at a faster rate. 
This is indicated by the 600°C and 400°C curves of 
. Fig. 6. For example, a rate of 550°C/hr. would have 
been adequate for the 600°C curve. 

The net result after achieving equilibrium is a de- 
crease in the electron concentration from the original 
concentration of 6 x 1014 em-’. Considering the junc- 
ture of the 400°C “quench anneal” and the “slow 
cool” curves at t= 9.0 hours (point C), it is found 
that the magnitude and behavior of the electron con- 
centration is the same for either cooling path. Hence, 
the same resistivity (electron concentration) results 
are obtained by either slow cooling the material from 
1300°C at 100°C/hr. to 400°C and then quenching 
to room temperature, or by initially quenching from 
1300°C to 400°C and annealing at 400°C for 9 hours 
before dropping to room temperature. 

The lifetime of this material does not seem to be 
improved by these particular heat treatments. The 
lack of lifetime improvement for the slow cooled 
samples quenched at 600 and 700°C is probably due to 
crystal position as previously discussed. 

In subjecting these samples to device fabrication 
heating, the shape of the curve remained the same. 
Depending upon the particular crystal, the ultimate 
electron concentration would remain reasonably sta- 
ble or decrease slightly, (the maximum decrease 
being a factor of two). Lifetime values remained 
reasonably stable or improved slightly. 


Summary 


To summarize we find: 
1. The magnitude of the electron concentration 
decrease and the shift in lifetime after heating 
is dependent both upon the slice position in the 
crystal and the crystal itself. 
2. The final electron concentration is dependent 
upon the particular quench temperature. 
3. Maximum lifetimes were obtained in quench- 
ing between 500°C and 600°C. 
4. When material was quenched from 1300°C to 
a particular annealing temperature and held at 
this temperature for an appropriate time, the re- 
sulting material and its devices were identical 
with that which was slow cooled from 1300°C to 
the same temperature. 


Device Application 
To orient the results of this article with p-n junc- 
tion characteristics, a test device was fabricated. This 
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Fig. 6—Resistivity vs. time. The points A, B, and C 
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“quench anneal” cycles, the “quench anneal” portion 
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device consisted of a 90 mil diameter chip with p-n 
junction penetration of 4 mils. These devices were 
assembled and etched in a mixture of hydrofluoric, 
nitric, and acetic acids; rinsed in deionized water; and 
nitrogen dried before testing. All units were tested in 
a dry Nz atmosphere. Although the possibility of sur- 
face limitation exists, precautions were taken to 
minimize this effect. 

Based upon the resistivity and lifetime results pre- 
sented herein, certain device conclusions can be made. 
Several of these are discussed below. 

The curves of Fig. 2 suggest that further slow cool- 
ing after attaining a temperature of 500°C result only 
in minimal changes of resistivity. From this it would 
be predicted that devices produced either from silicon 
quenched from 500°C or silicon which had been slow 
cooled to room temperature would have the same 
electrical characteristics (i.e. device p.i.v.’s). Devices 
made of material which had been slow cooled from 
1300°C to room temperature and of material which 
had been slow cooled from 1300°C to 500°C and then 
quenched to room temperature are compared in Fig. 
7. It is seen that either process gives essentially the 
same result. This behavior was typical of all crystals 
tested (a total of twelve). 
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As previously discussed, the resistivity change upon 
heat treatment is greatest at the seed end of the 


crystal, (Fig. 4). This results in significantly higher 
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p.i.v. distributions, (Fig. 7), in devices made from seed 
end material. 

_ In the “quench anneal” studies it was shown that 
material quenched from the diffusing temperature 
(i.e. 1300°C) to some intermediate temperature (e.g. 
600°C) and annealed at this temperature for a period 
of time produces the same resistivity and lifetime 
results as slow cooling (i.e., approximately 100° /hr.) 
to the same temperature (e.g. 600°C) and quenching 


to room temperature. Reference to Fig. 6 will show 


that the required time for the quench and anneal 
process can be materially less than that of the slow 
cool process. In the case of the 600°C example the 


_ quench and anneal process would take approximately 


two and a half hours while the slow cool process 
would consume eight hours. 

For devices requiring the highest possible lifetime, 
the material should be selected from the seed end 


of the crystal and quenched between 500 and 700°C 
as indicated in the previous discussion of Fig. 5. It 
should be noted that the quench anneal path (Fig. 6) 
does not enhance the bulk lifetime. 
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A Monostable Transistor Circuit 
For High-Ratio Frequency Division 
And Generation Of Short Pulses 


Part 2. 


WERNER STEIGER 


(Continued from p. 35, Aug. 1961) 


From Equations (22), (25) and (32a to c), the fol- 
lowing functions relating the regeneration time 7, to 
the transistor and circuit parameters can now be ob- 
tained. Putting 


x=7,/T, 
ile Tev1 Tove 
Miz Mai YAP (33) 
AoE Na lls area 
7=1 9 =] b 
we have for case (a): 
(1—be) ev2 — (1—},) eft) 
= (be—b,) [§ (1—bi) (1—be) — 1], (84a) 
For case (b): 
(nz—1) exp (nx) = &? — 1, (34b) 
For case (c): 
Rae V2 §, Leg, a \? Levi Tove | (34) 
Miz Ma. 


One would like to have t, (or x) as an explicit 
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function of all the parameters. But since, except in 
case (c), the relations are transcendental, t, can at 
best be presented graphically. In Fig. 8, & has been 
calculated for case (b) as a function of x with y as 
parameter. Case (c) fills the gap where Eq. (34b) 
fails, namely for y» = 0. More difficult is case (a), 
where x is a transcendental function of three vari- 
ables. Eq. (34a) can be approximated by a series ex- 


- Relative Regeneration X + 
> As A Function Of Parameters ¢ and 7 HE 


Fig. 8—Relative regeneration time, x, as a function of 
parameters & and ». 
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pansion. The terms beyond third order neglected, this 
yields 


(35a) 


aay 


x oz 
n oy a oy ™~s, 
which is also shown in Fig. 8 (dashed curves). These 
curves, however, have a vertical tangent at 
x = —1/n = 6 E. Beyond this value they turn back 
to the left where they are obviously worthless in our 
case. 

As long as the two transistors are not too different, 
Eq. (34b) is preferable to Eq. (35a) for approxima- 
tion of the general case. 


Current-gain Dependence of the Timing 
1 Delay Time 
From Equation (17) is seen that, with the approxi- 
mations that led to Eq. (17) the gain dependence 
of tq is 

6Ta i 


—~— CR; (R+R:) (G+G,). 


6a ae Y (36) 


2 Regeneration Time 
The gain dependence of t, is here investigated for 
identical transistors Q; and Q2 (except polarity) and 


constant collector time constants Tey. Since 


Tov _~ (d —a) Try, (37) 
it follows from Eq. (34b) that 
6x 2 Me ; 
— = —— Ee — 2). 38, 
ba nx Tov (2 $ € : x ) ( ) 


This derivative can only be expressed without the 
dependent variable x ify —=0 (t= 26&): 


— = 39 
da 3 M21 Gq 
n=O 
But as 7 = 0 is right in the range of interest, this re- 
sult. will still be useful and can be employed in the 
vicinity of n= 0. 


3 Compensation 

Comparison of Eq. (36) and (39) reveals that the 
two gain dependences are of opposite sign. Therefore, 
a compensation is possible by proper choice of R3. 

Note that a2 in Eq. (36) and a in Eq. (39) may be 
different because os is the value when Qz is almost 
fully conducting, while a applies to the low current 
level where regeneration starts (typically one tenth 


TABLE Ili—Measurements and Calculations 


Transistors 


Conditions 


fr 6V 
B 6 ma 
=, ba2/5T 50°C 
Tov 
Tay 
Bree 


Vig leon Vi 
Aloe = 15 ma) 


Transistors 
C 
C, 


meas. 
cale. 


“meas. 
eale. 


(ta + Tr) meas. 


A (ra + Tr) meas./cale. 


meas. 


67a/6H 
nt ceale. 


Sr:/ 6 


meas. 


67a/6T meas. 


eale. 


67,/6T meas. 
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or even less of the “on’”-current). Since 


6a/ dae =~ Be ANG?) reg) (40) 


‘The sum of the variations given by Eq. (36) and (39) 


should be zero if 


R =e 4 Tov (Be ware me) 


feel a8) GLOD co 


When using this equation it should be kept in mind 
that it has been derived under various simplifications 
(including 7 — 0). However, it does show that a com- 


pensation is possible, which, by the way, is influenced 


by the transistor speed. The slower the transistors, or 
the shorter the timing period, the larger is the neces- 
sary compensating resistor. These points have been 
verified experimentally. For the circuit in Fig. I, with 


the transistors specified in the section on “Measure- 


ments”, expression (41) yields approximately 1300 
ohms. The experimentally determined value was 
about 2000 ohms, resulting in timing completely inde- 
pendent of current gain. 


Measurements 


Measurements under various conditions are listed 


in Table III together with the calculated values. The 


circuit has been investigated with a pair of low gain 
and a pair of high gain transistors. The timing ca- 
pacitor C was given several values, while resistance R 
was chosen 15000 ohms (5% components). The base 
and collector time constants Tzy and Tey were meas- 
ured according to Beaufoy and Sparkes’. The tran- 
sistors were switched from cutoff to approximately 
the level where regeneration starts in the monostable 
circuit. 6,-, is the ratio of Tgy and Toy. 

The results show that the circuit performance can 
be made quite independent of transistor gain. The 
measured timing (tg + 1,) was practically within 
component tolerances of the calculated values. The 


wv 


Fig. 10—6 megacycles divided by 20; 
C = 220pF, R = 20K. 
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Fig. 11—2.5 megacycles divided by 5; 
C — 100pF, R ~ 20K. 


variations of timing with supply voltage (at 12 volts) 
ranged from —1% per volt to —1.7% per volt, the 
better values for the high gain transistors. The 
changes of timing with temperature were measured 
with R and C outside the oven. They were somewhat 
higher than calculated and typically in the vicinity of 
—0.05% per °C at 50°C. An exception were the high . 
gain units in the circuit for short timing (C = 100,r), 
exhibiting almost twice this rate. For the reason dis- 
cussed in section “Circuit Description,” this seems to 
indicate that Qo, due to its very high gain, slightly 
entered saturation. 

Figures 9 to 12 show the waveforms produced by 
the divider under various conditions. Each figure con- 
tains the input signal, output at collector of Q,; and 
output at collector Qo». ae 


‘WWW 


Fig. 9—10 megacycles divided by 10; 
C = 100pF, R ~ 10K. 
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Fig. 


12—Short pulses from 125ke 
sq. wave; C — 470 pF, R = 20KQ. 
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A Slide Calculator For 


Determination of Transistor Dissipation 


JERRY EIMBINDER* 


mum junction temperature rise for a transistor 

in continuous or switching service may be readily 
determined by the use of an easily constructed slide 
calculator. This article discusses the construction and 
operation of such a calculator, as well as examples of 
its use in free-air and heat-sink applications. 


Pree une TRANSISTOR DISSIPATION Or the maxi- 


D-C vs. Intermittent Service 


Technical bulletins issued by transistor manufac- 
turers generally provide dissipation ratings based on 
continuous steady-state service. However, for inter- 
mittent service, the published maximum ratings may 
usually be exceeded without damage to the transistor. 
For example, in many switching, pulse, or computer 
applications the highest permissible dissipation is 
often several times the published continuous-service, 
or direct-current value, as shown by the chart in 
Table I. 


Table I—Maximum Transistor Dissipations for Type 
2N404. 


Maximum Allowable 


Type of Service Transistor Dissipation- 


milliwatts 
At 25°C At 55°C 
Continuous D-C Operation 120 35 
Typical Intermittent Application 1420 720 


Construction of Calculator 


The Transistor Dissipation Calculator shown in 
Figs. 1, 2, 3, and 4 (see pp. 36, 37) may be used to 
determine the higher dissipation values permissible 
for intermittent service. 

This device can be assembled in four easy steps, as 
follows (1) Cut along the lines indicated, (2) Cut 
out the windows, (3) Staple the front and rear views 
together at the X marks, (4) Paste the front and rear 
views of the slide together and insert. For increased 
stability, all parts should be mounted on thin card- 
board before assembly, and the front and back sec- 
tions should be separated with cardboard strips along 
the dotted lines at the top and bottom of the calcu- 
lator. 

The symbols referred to on the calculator, in the 


*Radio Corporation of America 
Electron Tube Division 
Harrison, New Jersey 
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Table of Constants (Table II), and elsewhere in this 
article are defined as follows: 


d = duty cycle 
kK a AT; max 
yng Rr 


Pax = Maximum permissible transistor dissipation 

= total thermal resistance 

R; = maximum thermal resistance, collector junction 
to case 

= chassis thermal resistance 

R; = insulation-and-contact thermal resistance 

T, = ambient temperature 

AT fuss = jaa de 

Tj max = Maximum junction temperature 

t) = pulse duration 


7, = thermal time constant 


Use of Calculator 


In order to use the calculator it is necessary to 
know the maximum junction-temperature rating of 
the transistor and the values of two constants: the 
thermal-time constant of the transistor and the ther- 
mal-resistance constant for both the transistor and a 
heat-sink arrangement (if one is used). This informa- 
tion is usually provided by manufacturers’ specifica- 
tion sheets. Table II lists such data for some typical 
germanium and silicon transistors. For free-air appli- 
cations (applications not requiring the use of a heat 
sink), the information given in the Table of Constants 
is sufficient for obtaining Paz. 

In pulse and switching applications, the maximum 
permissible transistor dissipation (Pmac) varies with 
pulse duration (t,), duty cycle (d), and ambient tem- 
perature (T,). If the constant values and the values 
of t,, d, and T, are known for a given application, the 
calculator may be used to determine Pingy. 

In general, for free-air applications, Png, may be 
calculated as follows: (1) Set t,/t, at arrow. (2) Read 
K opposite correct duty-cycle curve. (3) Set K at 
AT; mane( 4) Read: Paecathn 

The calculator may also be used to calculate Prez 
for heat-sink applications. The procedure is the same 
as above except for the computation of Rr. R, is de- 
termined from the Table of Constants. Re is deter- 
mined from the calculator by setting the area for < 
single side of the heat sink (chassis) under the arrow 
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Thermal 
Maximum Thermal Thermal Resistance 
Junction Time Resistance (junction- 

Temp. Constant (free air) to case) 

Ty MAX 71 RT Ri 
Type °C Millisec. °C/watt °C/watt 
. Germanium Transistors 
2N109 85 12 800 _ 
—2N139 85 10 750 _ 
—2N140 85 10 750 mo 
/2N217 85 12 800 — 
2N218 85 10 750 — 
-2N219 85 10 750 _ 
2N247 85 12 750 — 
—2N269 85 10 500 _ 
2N270 85 12 320 — 
2N274 85 10 620 — 
2N301 91 5 — 2 
2N301-A 91 5 _— 2 
2N384 85 10 620 — 
2N398 85 12 750 a 
| 2N404 85 10 500 — 
2N456 100 8 —_ 1.4 
2N457 100 8 _ 1.4 
2N561 100 8 — 1.5 
2N578 85 15 500 a 
2N579 85 15 500 
2N580 85 15 500 a 
2N581 85 10 500 —_ 
2N582 85 10 500 — 
2N583 85 10 500 — 
2N584 85 10 500 a 
2N585 85 12 500 — 
2N586 85 We 240 — 
2N643 85 10 500 —_ 
2N644 85 10 500 _ 
2N645 85 10 500 _ 
2N1014 100 8 _ 1.5 
2N1023 85 10 620 — 
2N1066 85 10 620 — 


2N1090 85 12 500 


at “A.” Re is read in °C/watt at window “B,” “C,” 
“D,” and “E” depending on thickness of material, 
type of material, and mounting position. R; is deter- 
mined from Table III. R; then equals R; + Re + Rz3. 

If the transistor dissipation is known, the calculator 


Table IlI—Table of Insulation-and-Contact Thermal 
Resistances (R,) 


Thickness R3 
Insulator Inches °C/watt 

No Insulator —_ 0.4 
Anodized Aluminum 0.016 0.4 
Anodized Aluminum 0.125 0.5 
Mica 0.002 0.5 
Mica 0.004 0.65 
‘Mylar 0.003 1 
Glass Cloth (feflon coated) 0.003 1.25 


Highly-conductive silicone lubricant applied between mat- 
ing surfaces. 
Values of R3 vary according to manufacturer. 


Table II—Table of Constants 


Thermal 
Maximum Thermal Thermal Resistance 
Junction Time Resistance (junction- 
Temp. Constant (free air) to case) 

TJmax TL RT Ri 
Type °C Millisec. °C/watt °C/watt 
2N1091 85 12 500 _ 
2N1183 100 8 75 _ 
2N1183-A 100 8 75 _ 
2N1183-B 100 8 75 —_— 
2N1184 100 8 75 _ 
2N1184-A 100 8 75 _ 
2N1184-B 100 8 fs) _ 
2N1224 85 10 620 _ 
2N1225 85 10 620 _ 
2N1226 85 10 620 _ 
2N1300 85 10 400 _ 
2N1301 85 10 400 _— 
2N1384 85 14 250 _ 
2N1395 85 10 620 _— 
2N1396 85 10 620 _ 
2N1397 85 10 620 _ 

Silicon Transistors 

2N1479 175 10 200 37.5 
2N1480 175 10 200 37.5 
2N1481 175 10 200 37.5 
2N1482 175 10 200 37.5 
2N1483 175 10 100 10 
2N1484 175 10 100 10 
2N1485 175 10 100 10 
2N1486 175 10 100 10 | 
2N1487 175 12 —_— 2.5 
2N1488 175 12 _ 2.5 
2N1489 175 12 -— 2.5 
2N1490 175 12 — 2.5 
2N1511 175 12 — 2.5 
2N1512 175 12 —_ 2.5 
2N1513 175 12 — 2.5 
2N1514 175 12 —_ 2.5 


can also be used to determine the maximum rise in 
junction temperature for a transistor. 


Example One: Determining Pax For A Free-Air 
Intermittent Application 

Problem: Determine P,,,., for the 2N404 in a com- 
puter application having the following requirements: 
d = 0.01, t, = 10 microseconds (10-5 second) and 
Lest en. 


Solution: From the table of constants: 7; = 10 millisec- 

onds (10-2 second), 7; max = 85°C, and Rr = 500°C/watt. 
to/71 = 10-5/10-? = 10-3 
AT; max = Tj wax — Ta = 85-25 = 60°C 

Follow the procedure given on the front of the calculator: 

1. Set to/71 at 10-8 

Read K = 8.5 X 107? 

Set this value of K at AT; max = 60°C 

4. Read Pmax = 1.42 watts (1420 milliwatts)~at 

Rr = 500°C/watt 
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Example Two: Determining Pmax For A Heat-Sink 
Intermittent Application 

Problem: Determine Pings for the 2N1485 in a power- 
switching application having the following require- 
ments: d = 0.01, t) = 1 millisecond (107° second), 
and T, = 125°C. The transistor is vertically mounted 
on a square copper heat sink having a thickness of 
34, inch and an area (or a single side) of 50 square 
inches. A 0.016-inch anodized aluminum washer is 
used between transistor and chassis surfaces. 


Solution: From the table of constants, 71 = 10 millisec- 
onds (10-2 second), Tj max = 175°C, and R; = 10°C/watt. 
to/ Fi 07? / 10-7. = 9105! 
Aton = Tea > TH=N175-125)= 40°C 
R, = 1.1 °C/watt, R3 = 0.4 °C/watt (from rear 
side of calculator) 
Rr = RitRe+R; = 104+1.14+0.4 = 11.5 °C/watt 


Follow the procedure given on the front of the calculator: 
ity Set to/T1 at 107! 
Oe Read Kee. 2-4 107} 
3. Set this value of K at AT; max = 50°C 
4, Read Pmax = 18 watts at Rr = 11.5 °C/watt 


Example Three: Determining Pax For A Heat-Sink 
Continuous Application 


Problem: Determine Pax for the 2N1485 for the 
same conditions encountered in Example Two, but 
with the transistor continuously operated in the “on” 
condition. 


Solution: For continuous-service applications, steps 1 
and 2 are omitted. 
3. Set K = 10° (K = 10° for all continuous-service 
applications) at AT; max = 50°C. 
4. Read Pnax = 4.8 watts at Rr = 11.5 °C/watt 


Example Four: Determining AT; max For A Free-Air 
Intermittent Application 

Problem: Determine the maximum rise in junctior 
temperature for the 2N586 in a switching application 
having the following requirements: d = 0.25, ty = 
6 milliseconds (610-3 second), T, = 25°C, anc 
transistor dissipation = 105 milliwatts. 


Solution: From the table of constants, 71 = 12 millisee 
onds (1.210? second), Tj max = 85°C, and Rr = 24( 
°C/watt. 
to/r1 = 6X10-2/1.2K107 = 9x 109 
Proceed as follows: 
1. Set to/7T1 at 5x<10-1 
2. Read kK = 6X10— 
3. Set the transistor dissipation of 105 milliwatts 
at Rr = 240 °C/watt 
4. Read AT; max = 15 at K = 6X10+ 
In this application the maximum junction temperature 
will be 40°C (7; = Ta + AT; max = 25+15 = 40°C) 
Conclusion 
The calculator is intended as a guide for circuit 
designers. Design engineers are reminded to review 
the published technical data for the transistor under 
consideration to ensure that maximum voltage, maxi- 
mum current, and other maximum ratings are not 
exceeded. In applications where thermal stability or 
thermal runaway is a consideration, particularly for 
values of AT; maz less than 10°C, the normal precau- 
tion of designing with the adequate circuit-stability 
factor for the corresponding collector voltage and 
power dissipation should be observed. 
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Semiconductor Producers Are the 


“Mr. Clean” of the Industry : 


| Fieselie AND EQUIPMENT used in the 
semiconductor field include alloying 
and soldering furnaces, diffusion fur- 
naces, crystal growing and zone level- 
ing furnaces and all the equipment 


*Manager, Furnace Division 
(e Hayes, Inc. 
Cranston, R. I. 
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used in assembling semiconductors and 
producing glass-to-metal seals. Equip- 
ment ranges all the way from simple 
manual furnaces to fully automated 
and “exotic” units such as vacuum 
conveyor furnaces. The most important 
consideration in any of this type of 
work is maintaining a clean product 
from start to finish. Contamination of 
any kind, other than the controlled 


contamination applied during the dif- 
fusion process, will decrease the ex- 
pected yield of acceptable product, 
Therefore, the semiconductor industry 
is interested in three prime requisites: 
pure dry atmospheres (again, other 
than the controlled contaminants); ex- 
tremely sensitive and uniform temper- 
ature control; and one of the most 
important features — reproducibility. 
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Once a particular timme/temperature 
profile is attained in a furnace, the user 
will want to maintain this profile dur- 
ing the complete process. Should it be 


altered in any way to suit some other | 


type of work, he will want to be able 
to return to the same settings on the 
instrumentation supplied with the fur- 
nace to reproduce the original time/ 
temperature profile in the _ shortest 
period of time. 

_ Any variable that can be kept out 
of the production picture means in- 
creased yield in production, plus 
simpler trouble-shooting techniques 
when a problem does arise. If the pro- 
ducer of semiconductor products knows 
that a particular time/temperature pro- 
file and atmosphere combination will 
produce high yields of quality work, 
and if trouble should develop, he will 
be able to spot the difference or the 
variable that is causing the trouble 
without expensive shutdown time or 
loss of production. 


Alloying Furnaces 


Alloying and soldering furnaces, ex- 
tensively used in the semiconductor 
industry, are basically either the 
straight-through conveyor type or the 
inclined conveyor type. Both types 
produce excellent results. As minute 
quantities of oxygen, trapped in the 
links, will be carried in on any belt- 
conveyor system, this oxide (or oxygen 
source) must be flushed away from the 
work and out of the furnace prior to 
the work reaching the temperature at 
which oxygen could become a detri- 
mental factor. On the straight-through 
furnace, the contaminant (oxygen) is 
generally flushed from the furnace 
through a unique arrangement of nitro- 
gen curtains and controlled atmosphere 
flow baffles. 

In the case of the inclined furnace, 
the baffles and nitrogen curtains are 
not required, as the atmosphere is 
pumped into the furnace at the top of 
the inclines and the atmosphere flow- 
ing down against the oncoming work 
tends to set up a reverse flushing action 
that carries the contaminants down and 
out of the furnace prior to the work 
reaching a temperature point where 
these contaminants would become 
detrimental and decrease the yield. 

The advantages of the straight- 
through furnace are obvious as the fur- 
nace fits into the standard production 
setup with personnel loading the belt 
while sitting at a loading table that is 
part of the furnace. In the case of the 
inclined furnace, a separate mechanized 
loading table has to be applied to carry 
the work from the horizontal loading 
position on the table to the inclined 
loading section. 

The temperature control within these 
furnaces is extremely close, as a result 
of employing saturable core reactor 
setups or other electronic systems which 
hold temperature uniformity to close 
tolerances (in the vicinity of +%% °C). 

The furnaces supplied to the semi- 
conductor industry are usually supplied 
as complete packages and, in many 
cases, are pretested prior to shipment 


to guarantee ability to maintain the 
necessary time/temperature profile. 

The belt conveyor mechanism is usu- 
ally of the electronic drive type to 
eliminate variables that could creep 
into the picture through changes in 
drive speed. 


Diffusion Furnaces 


Diffusion furnaces for both silicon and 
germanium have the same stringent re- 
quirements. When talking diffusion fur- 
naces, the first question asked by any 
potential equipment buyer is “How 
much flat zone can you guarantee, and 
what uniformity will you get?” 

For the majority of furnaces on the 
market it is possible to achieve uniform 
flat zones in the order of 8” although 
the available range for different manu- 
facturers may be from 2” to 24”. Flat 
zones are generally controllable to + 
1 °C. The average user of diffusion 
furnaces, although looking for the theo- 
retical +0 °C flat zone, has more or 
less standardized on +2 °C. 

Diffusion furnaces are generally con- 
structed to handle either gaseous dif- 
fusion or applied source diffusion. In 
gaseous diffusion, controlled contami- 
nants are carried into the heating 
chambers by means of a carrier gas 
and deposited on the wafer. In applied 
source diffusion, the wafers are first 
treated, dipped or doped with a con- 
taminant and then placed into the 
furnace. Applied source diffusion obvi- 
ously does not require a source chamber 
to carry controlled contaminants into 
the heating chamber as the contamina- 
tion is already on the piece. 

Diffusion furnaces are sold (1) as 
high temperature units for silicon 
wafers, (2) as low temperature units 
for germanium wafers, or (3) as units 
equipped with both high heat chamber 
and source chamber. Germanium 
wafers are usually treated by employ- 
ing a source and high heat chamber 
with the high heat chamber being used 
at a maximum of 1000 °C. On the sili- 
con work, the gaseous diffusion furnace 
has the source and high heat chamber 
with the high heat being used at 1285 
°C to 1300- °C. In the case of applied 
source diffusion, of course, only one 
chamber is used in both the high and 
low temperature processes. Applied 
source diffusion furnaces are available 
as completely automatic units where 
finished wafers will be ejected from the 
furnace every hour as compared to the 
usual heat-up, soak, and cool-down of 
the programed batch processes which 
may take up to 20 hours per batch. 


Crystal Growing and Zone Leveling 


Prior to actually treating the wafer 
or assembling and alloying the transis- 
tor unit, the initial crystal has to be 
grown and refined. The growing of a 
crystal may be done either horizontally 
or vertically with two schools of 
thought on which is the better ap- 


‘proach. The refining refers to controlled 


melting of a portion of a crystal to 
localize contaminants for easy removal. 
Here again, temperature is the critical 
objective and the moving of the heat 
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source in a smooth, steady motion is 
required. 


Dry Boxes 


As cleanliness is first and foremost 
when it comes to handling any semi- 
conductor material, dry boxes are em- 
ployed wherever practical to keep the 
work within a dry atmosphere. This 
dry atmosphere can vary from dry air 
to dry nitrogen. Again, this is up to 
the particular customer’s requirements 
and the economics of the case. 

Dry boxes should be fitted with 
equipment capable of taking moisture 
out of the source gas. Such dryers 
should be compact, capable of handling 
either air or nitrogen or other gas. They 
should be fully automatic. 

There are a number ot different 
dryers on the market. The majority 
consist essentially of a round cylinder 
loaded with a desiccant, and have some 
sort of heat source to apply to the 
desiccant for driving off absorbed mois- 
ture. Although all commercial dryers 
are capable of drying air or nitrogen, 
they do not necessarily take out the 
moisture down to the extremely low 
dewpoints that a dryer designed for 
dry box applications can accomplish. 
It is essential that the heater designed 
for boiling out the moisture be very 
well thawed out; otherwise, there may 
be minute quantities of moisture that 
will remain in the desiccant. 

When the semiconductor manufac- 
turer selects a dryer, he should make 
certain that the unit will remove mois- 
ture to the requisite dewpoint and 
continue to reproduce this same dry- 
ness hour after hour, and day after day. 


Nitrogen 


Nitrogen, either as straight nitrogen 
or combined with hydrogen as a 
“forming gas,’ is used extensively in 
semiconductor production. The quantity 
of nitrogen used over the course of a 
year is quite considerable. In three 
or four test cases, by replacing a bot- 
tled or bulk gas system with a nitro- 
gen generator which produces nitrogen 
from cracked gas and air through the 
necessary scrubbing towers and dryers, 
the user was able to save in the order 
of $150,000.00 in 36 to 48 months. Nitro- 
gen generators can be efficient to the 
point where they will produce gas more 
than adequate in purity for semicon- 
ductor processes. 


Glass-To-Metal Sealing 


A branch of industry closely related 
to the semiconductor industry deals 
with the initial glass-to-metal seal or 
the ceramic-to-metal seal employed in 
many of its components. There are 
three operations involved in glass-to- 
metal sealing: outgassing, oxidizing, 
and sealing. 

The nitrogen generator may be of 
considerable advantage here again, be- 
cause (1) in making the final glass-to- 
metal seal, nitrogen is an ideal protec- 
tive atmosphere, and (2) due to the 
volumes of gas involved to protect work 
in a straight-through conveyor furnace, 
an on-the-spot nitrogen generator soon 
pays for itself in reduction of gas costs. 
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APPLICATIONS ENGINEERING DIGESTS 


APPLICATIONS ENGINEERING DIGEST NO. 71 


Hole Storage Measurement for Types 
2N1122 and 2N1122A_ Transistors; 
Sprague Electric Co. North Adams, 
Mass. 


The hole storage factor, K.’, is a 
measure of the charge stored in the 
base region of the transistor per unit 
excess base current. The measurement 
is performed by operating the transis- 
tor with zero collector current at pre- 
set emitter current. The emitter is then 
opened with a diode and the charge 
which was stored in the base region is 
caused to charge a condenser connected 
in the collector circuit. A measurement 
of the voltage on this condenser gives a 
measurement of the charge which was 
stored in the base. See Fig. 71.1. 

- Although the units for the hole stor- 
age factor are seconds, this factor is 
not a time measurement and does not 
imply that the storage time in any par- 
ticular circuit is that specified. The 
hole storage time in an actual circuit 
may be derived from the following 
formula: 


thon (: +778), 


Ips — Ize 


where Izs is the base current just re- 
quired to saturate the transistor in the 
particular circuit being used, Izy is the 
excess base current, and Is; is the base 
current during the interval during 
which the transistor is being brought 
out of saturation. If Is: is reverse cur- 
rent then the sign is negative. If the 
saturated collector current is Ic:, Iss 
is calculable from 


(Circle 198 on Reader Service Card) 


where f. is the d-c current gain of the 
transistor at the edge of saturation. The 
excess base current is given by 


Ipx = Ip, — Ips 


where Iz: is the base current before the 
initiation of turn off. 


The absolute value of Ci is 500 pyf. 
The capacitance of C; is adjusted using 
the test fixture shown in Fig. 71.2 so 
that the peak voltage across Ci is 0.3 
volts. 

The value of K.’ in nanoseconds can 
be calculated using the formula: 


Bie 


K.' 
8 i 


5647 DIODE 


OWG. NO, A-/66 


Fig. 71.2—Test fixture. 


where 
I, is in milliamperes 
VY,’ is in volts 
Cy is 500 pyf 


For example: K.’ = 100 nsec when 
V2.5) 025 volts: 


4.2KN | 
TEKTRONIX 
535 


Vs 
0.01WF PREAMP 
53A | 


= DWG. NO. A-14428 


Fig. 71.1—Circuit for hole storage measurement. 


APPLICATIONS ENGINEERING DIGEST NO. 72 


Chopper Transistors; Sperry Semicon- 
ductor Div., South Norwalk, Conn. 


A transistor chopper in the normal 
connection with its approximate equiva- 
lent circuit is shown in Fig. 72.1. It 
consists of a perfect switch in series 
with the offset voltage source V, and 
the dynamic resistance r, all shunted by 
the offset current generator I). 

The output voltage from this circuit 
with the transistor conducting will be 
the offset voltage V,, plus the IR drop 
across the dynamic resistance r. 


Vin. 7 
Voutione= ie sae cay (1) 


When the transistor is cut off, the out- 
put. voltage is the input voltage vin 
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(Circle 199 on Reader Service Card) 


minus the voltage drop produced by 
the offset current through the load 
resistor. 


Vout off = Vin — IpyRi (2) 
These two equations show that in low 
level choppers the amplitude of the 
minimum input signal is limited by the 
offset voltage, the offset current, and, 
to some extent, also by the dynamic 
resistance of the transistor. 


Offset Voltage 


The offset voltage is the potential ap- 
pearing between the collector and emit- 


ter terminals when the transistor is” 


operated in the saturation region. This 
voltage is primarily a function of the 
transistor forward current transistor 
ratio (f), operating temperature, and 


the IR drops in the collector and emitter 
regions, Neglecting the usually low al- 
loy transistor collector and emitter 
spreading resistances, an approximate 
equation of the offset voltage of a 
transistor operated in the normal com- 
mon emitter configuration can be writ- 
ten in the following form. 


jade =) kT 1 

Vey = ——ln —= —— In (: =| ae 

q- ar q BI 
(3 
where a, is the forward current trans- 
fer ratio measured near the saturatior 
region with the emitter operating as < 
collector and collector as an emitter it 
the common base configuration (invers¢ 
alpha), 6; inverse beta near the satura:- 
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Base Drive 


oT lp 


| Fig. 72.1—Transistor chopper and its equivalent circuit. 


tion region, k—the Boltzmann’s constant 
—(1.38x10°* joule/°K), q—electric charge 
_(1.60x10™" coulombs), and T—operating 
Becperature in °K. 

In the inverted connection the offset 
voltage is 


Lf See | kT 
Ver = —— ln — = —— In (: + as 
q aN q BN 


(4) 


where ay and fy are the normal for- 
ward current transfer ratios measured 
near the saturation region on the tran- 
sistor V-/ curve. 

A comparison of equations 3 and 4 
shows that since the coefficient kT/q is 
common to both, the offset voltage is 
determined by the natural logarithm of 


1 
the quantity (1+—). Since the in- 
B 


verse beta of an unsymmetrical transis- 
tor is smaller than the normal beta, 
the offset voltage of the inverted con- 
nection will be lower. 

The offset voltage is also a function 
of base drive because of the beta de- 
pendence on base current. Therefore 
the inverted connection with a properly 
selected driving current will produce 
the lowest offset voltage in a single 
transistor chopper. Such a chopper is 
show in Fig. 72.2. This circuit will chop 
all negative input signals as well as 
positive inputs of lower amplitude than 
the base voltage holding the transistor 
off. . 


Offset Current 


The offset current is the current 
flowing between the collector and emit- 


ter when both junctions are reverse 
biased. The magnitude of this current 
is determined by the normal leakage 
currents (Izzo and Icszo) and the for- 
ward current transfer ratios measured 
near the cutoff region. 

Again the inverted connection pro- 
duces better circuit performance be- 
cause of its lower offset current. The 
offset current is also somewhat temper- 
ature compensated by the increase in 
both the normal and inverse betas with 
temperature. Since the output voltage 
of the single-transistor chopper in Fig. 
72.2 with the transistor turned off is 
the input voltage minus the Ip;Rz, drop, 
the value of the load resistor in this 
circuit should be kept as low as pos- 
sible. 


Dynamic Resistance 


When the chopper is switched on, the 
operating point of the transistor is lo- 
cated in the saturation region of the 
output characteristic V-I curve. The 


Rp Vout 
ile 


Fig. 72.2—Single-transistor chopper (in- 
verted connection). 


saturation characteristic has a finite 
slope and, therefore, has resistance as- 
sociated with it. The instantaneous volt- 
age drop across this resistance either 
adds to the offset voltage or subtracts 
from it, depending upon the polarity of 
the input signal. 

The dynamic resistance in the norma: 
connection is about 5% to 10% lower 
than in the inverted circuit. Thus only 
minute reduction in the dynamic re- 
sistance can be gained by the normal 
connection and this is far outweighed 
by the considerable reduction in the 
offset voltage and current in the in- 
verted connection. 


Switching Time 

The highest rate of chopper operation 
is determined by the switching char- 
acteristics of the transistors used in 
the circuit. The emitter-to-collector 
voltage response of a transistor used in 
the inverted connection to a base drive 
voltage polarity change is shown in 
Fig. 72.3. After the forward bias is 
applied to the base, the emitter voltage 
decreases exponentially to its steady 
state value and remains there as long 
as the base drive remains unchanged. 
When the base voltage polarity is sud- 
denly changed, the collector voltage 
will remain constant for a short inter- 
val and then increase abruptly to the 
base voltage level producing a voltage 
spike to the output. After that, the 
emitter voltage will decay to the level 
of the emitter supply voltage. The dur- 
ation of all transients is a function of 
base drive and transistor characteristics. 


Fig. 72.3—Transistor switching tran- 
sients (PNP transistor in the inverted 
connection). 


APPLICATIONS ENGINEERING DIGEST NO. 73 


Thin Film Memory; Burroughs, Elec- 
tronic Components Div., Plainfield, N. J. 
_ Films which are deposited on a sub- 
strate while under the influence of a 
magnetic field show a preferred, or 
“easy,” direction of magnetization. All 
area magnetic domains lie parallel to 
the direction of this field, and a film’s 
magnetic characteristic in the preferred 
‘direction shows a square hysteresis 
loop. Perpendicular to this easy direc- 
tion, called the “hard” direction, the 


(Circle 200 on Reader Service Card} 


film shows a linear loop (Fig. 73.1). 
From these two characteristics, the fol- 
lowing constants can be obtained: The 
wall coercive force in the easy direc- 
tion, He and the rotational saturating 
force in the hard direction, Hx. 

Any magnetic square-loop material 
can be used as a storage element in a 


random-access memory. The unique ge-. 


ometry, directional magnetic properties, 
and rotational remagnetization process 
are characteristics which must be con- 
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sidered in the design of thin-film 
memories. 

The principles of the memory opera- 
tion are best explained by the discus- 
sion of a single bit. Three conductors 
are associated with each bit (Fig. 73.2). 
The “word drive” conductor is parallel 


“ 


to the preferred direction and the “in- 


_ formation” and “sense” conductors are 


parallel to the hard direction. The in- 
formation conductor is split for two 
reasons. One, it reduces the mutual ca- 
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Fig. 73.1—Typical square and linear 
loops. 


pacity between the information and the 
sense conductors and, second, it reduces 
eddy currents in the information con- 
ductor induced by the word drive cur- 
rent. 

A current in the “word drive” con- 
ductor generates a transverse field, Hr, 
which, if greater than H;x, rotates the 
magnetic moments or dipoles to the 
hard direction. This rotation induces a 
sense signal of positive polarity if the 
rotation originated from the “1” state 
and of opposite polarity if it originated 
from the “0” state. 

To magnetize a selected area of thin- 
film to the “1” or “0” state, two mag- 
netic fields, perpendicular to each other, 
are applied—the drive field in the hard 
direction and the information field in 
the easy direction. The resultant field 
lies between the hard and easy direc- 
tions, oriented toward either “1” or “0,” 
depending upon the direction of the 
information field. Removal of the drive 
field allows the dipoles to fall to the 
desired “1” or “0” state, after which 
the information field can be terminated. 

Waveforms of drive, information cur- 
rent, and sense signal are shown in 
Fig. 73.3 


Applications Information 


It is recommended that the sense and 
information line of pairs of planes be 
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x4 CONDUCTOR 


WW FORMATION 
CONDUCTOR 
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~~ CONDUCTOR 


DIRECTION 


\ 1 | MAGNETIZATION 
MAGNETIC 
° 


THIN FILM 


Fig. 73.2—Wiring of a bit. 


interconnected in a _ noise-cancelling 
manner as shown the Fig. 73.4. This 
wiring arrangement minimizes noise, 
but the sense readout signal for a 
stored “1” in one plate and for a 
stored “1” of the other plate will be 
of opposite polarity. The logic circuits 
in either the sense amplifier or in the 
information driver can be designed to 
compensate this polarity reversal auto- 
matically. 

Noise originating from ground cur- 
rents can best be minimized by use of 
a common ground plane: a thin copper 
or aluminum plate, for example. 

Shielding against the earth’s magnetic 
field is recommended. A single layer of 
soft iron material can help considerably. 

A transformer or a differential amp- 
lifier is suggested to reject the com- 
mon-mode noise signal. Without it, the 
detection of the desired switching sig- 
nal might be difficult. For example, a 


INFORMATION 
CONDUCTOR 


MEMORY PLANES 


Fig. 73.4—Interconnection of conductors 
to minimize noise. 


Fig. 73.3 — Waveforms — word drive 
(top); information (middle); and sense 
signal (bottom). 


type F304 ferrite core (General Ceram- 
ics) T-1 type material with four turns 
primary and eight turns secondary 
gives good results. The transformer 
should be terminated with a 300-ohm 
load to eliminate ringing in the sense 
line. Sector windings or distributed 
windings are used. Sector-wound cores 
have a slower response, but their fab- 
rication is easier. 

Signals from a memory plane can be 
obtained for observation purposes if a 
fast rise time current generator is 
available (Hewlett-Packard type 212). 
The current driver should deliver a 1- 
amp. pulse into 4 terminated line. This 
current is applied to one of the word 
drive conductors. A d-c bias of plus 
or minus 200 ma. can be applied to one 
of the information conductors. A signal 
should appear on the corresponding 
sense winding. When the polarity of 
the bias current is reversed, a reversal 
of the sense signal should be noticeable. 
Oscilloscope sensitivity should be five 
mV/cm. Short cables and leads and 
elimination of ground current loops will 
produce clean thin-film switching sig- 
nals. 

Transmission-line principles must be 
utilized when high-speed current pulses 
have to be transmitted through some 
length of conductors to prevent ringing 
in these lines which could obscure the 
desired output signal. 


Semiconductor Production 


This report is re 


And Trade 


produced from portions of a pamphlet prepared 


by the Electronics Division of the Business and Def yi- 
ces Administration, U.S. Department of Giraeo nce 


This report on semiconductor production and trade is part of a 
comprehensive study of the electronic industries being made by the 
Business and Defense Services Administration. Based to a large extent 


of Defense in connection with an investigation of the impact of semi- 
conductor imports was the source of much of the statistical data. 


ee report was prepared in the Electronics Division, Donald S. 
arris, Director, by John R. Collins, Chief, Military Applications 
Branch. The assistance of various members of Government and in- 
dustry is gratefully acknowledged. 

The increasing use of transistors and crystal diodes in electronic 


on information derived from BDSA activities in the industrial mobili- 
zation preparedness field, it is made available to industry for market- 
ing and planning purposes as part of this Agency’s expanding program 
of business services. A special survey conducted by the Department 
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circuitry is responsible in part for a decline in U.S. receiving tube 


_ production from 491 million units in 1955 to 463 in 1956, 454 in 1957, 


and 411 in 1958. Output increased slightly, to 437 million units, in 1959. 
The size of the receiving tube market in terms of units does not 
provide an accurate picture of the potential market for transistors and 


/ diodes. Tubes usually have higher gain than transistors, and many 


tubes are multifunctional, so that several transistors may be needed 
to replace a single tube. Transistors can be used in quantity in circuits 
where space, weight, and available power would limit the use of tubes. 
Thus, transistors are being employed in new applications in which 
tubes could not be used at all. On the other hand, where space, weight, 
and power are unimportant, as in console radios, television receivers, 
and high fidelity sound equipment, receiving tubes will probably 
continue to be used for many years. 

Until recent years, transistors were used chiefly for hearing aids, 
portable radios, and experimental purposes. Improvements in per- 
formance and reliability have led to their increasing military and 
industrial utilization. They are now widely used in missiles, com- 
munication networks, weapons systems, electronic computers, and 
industrial controls. Crystal diodes and rectifiers are also being used 
in new ways in both military and industria: equipment. 

The transistor market in 1959 was divided approximately as follows 


_ (percent): 


Units Value 
SUBVETLOIMMENE oc isie'sse » oiereview sie 54 17 
ASIEN PRIA a es onc uc aaIG ig gre: 4/4 hin. 4:0 24 34 
MMTIIBE, | ain ye ssn ea beaten een. 17 46 
RRMAT Ete tale Sra Grats cichan Ai iain sivas 5 3 


The differences between unit and value percentages reflect the fact 
that the factory price of entertainment type transistors averaged less 
than $1 each while military types averaged in excess of $7. Industrial 
type transistors averaged almost $4 each. 

Military utilization of crystal diodes and rectifiers amounted to 
about 31 percent by units and 45 percent by value of total shipments 
in 1959. Only about 2 percent, by either quantity or -value, were ex- 
ported. The rest were used in entertainment, commercial, and indus- 
trial equipment. 


Plant Facilities 


As of April 1960, more than 60 companies were producing semi- 
conductors, in about 100 plants. Although many of them maintained 
separate facilities for research and development (R & D), parts of 
most production plants were used for R & D (table 1). Many of the 
plants make other products in addition to semiconductors, but the floor 
area shown, broken down into production and R & D, is only that 
portion devoted to semiconductors. Production workers are defined as 
working foremen and all non-supervisory workers engaged in fabricat- 
ing, processing, assembling, inspecting, receiving, storing, handling, 
packing, warehousing, shipping, maintenance, repair, janitorial and 


_ watchmen services, product development, auxiliary production for 


the plant’s own use (e.g., power plant), and record-keeping and other 
services closely associated with the production operations. 


Table 1.—Floor Area of Semiconductor Plants 
[Millions of square feet] 


12/15/58 12/15/59 4/15/60 
Production of semiconductors... . 2.6 a0 3.9 
Research and development for 
PEUMCOTONCLOLS. 6.040.000.0000 sed 0.7 0.9 1.0 
ETI bay Hore Mr earted *+s eo a8 3.3 4.4 4.9 


Source: Department of Defense Survey, May 1960. 


Twenty companies accounted for about 94 percent of semiconductor 
factory shipments in 1959 (table 2). These statistics were derived by 
listing the leading manufacturers according to the dollar volume of 
their 1959 factory shipments and computing the percentages con- 
tributed by the largest 3, 5, 10, 15, and 20 companies. The greatest 
concentration of semiconductor production is in Massachusetts, which 
accounted for almost 24 percent of total factory shipments in 1959. 
Pennsylvania shipments represented about 16 percent and New York 
shipments, 9 percent. Texas, California, and New Jersey were also 
large production areas, but their shipments cannot be reported for 
disclosure reasons. 


Table 2.—Concentration of Factory Shipments of Semiconductors, 1959 


Cumulative 
Number of Manufacturers percent 
TSE: SB uiwicte vis e's CIOL TEEN JY TEU OCR OR OEE eer) 39 
OOS: O o-s pisraelerds ia dens Miguca A atale WONG aT 66.010.8.of604105 8 8 iow 52 
BULTSU MUO canerta Pioveraib icine eC on TT re 73 
BOAT SU MLD grease! a a\aelaseiavse Givinlsia 09) </clrd d's. oleae ble PKS Sah awle ue 85 
TSG, LO sxswiss o-0:a.0:016 fe KisfaY 3) o.4,toreiay/ aid vines 6-84,304,6 Peace 94 


Source: Estimated from Joint EPRA/BDSA Semiannual Survey 


of Production Capabilities for Electronic Parts. 
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About 60 percent of the companies responding to a May 1960 De- 
partment of Defense survey indicated that they planned to expand 
their semiconductor facilities in the next 2 years, in which case semi- 
conductor manufacturing and R & D facilities will be approximately 
doubled by the end of 1962 (table 3). 


Table 3—Planned Expansion of Semiconductor Facilities 
{In millions] 


May 
December 1961 1962 Total 
Type 1960 
Ss 
Fee Dollars ° dua ¥ Dollars? 442" pollars dua “Dollars 
Production of 
semiconduc- ; 
TORS Sire le 2 15 42.0 1.0 44.4 1.6 72.0 41 158.4 
Research and 
development 
for semicon- 
ductors... .42/ 0.3 9.0 0.5 16.5 0.4 12.0 a2 BY fs) 
OUR es eiers\a 1.8 51.0 1.5 60.9 2.0 84.0 5.3 195.9 
Source: Department of Defense Survey, May 1960. 


PRODUCTION 


Manufacturing Processes 


Ingots of germanium are formed by heating a powdered oxide of 
germanium in graphite crucibles in a hydrogen atmosphere. The oxy- 
gen in the germanium oxide combines with the hydrogen and is 
given off as water vapor, leaving metallic germanium. Zone purifica- 
tion is usually used to achieve the required degree of purity. This 
involves drawing the ingot slowly through successive induction heat- 
ing coils which melt a small segment at a time, beginning at one end 
and passing to the other. Impurities tend to remain in the molten 
state and are thus carried to the end of the ingot. By repeating the 
process over and over, any desired degree of purity can be achieved. 
The end containing the impurities is then snipped off and the rest of 
the ingot is used for transistor manufacture. 

The purification of silicon is much more difficult. It has a higher 
melting temperature (1420 degrees C as compared to 940 degrees C 
for germanium) and is chemically very active when in the molten 
state. It thus combines readily with materials generally used as con- 
tainers, such as carbon and quartz. It expands when cooling and 
this results in cracking the crucible and in poor quality silicon as a 
result of the severe strain. Furthermore, some impurities, especially 
boron, cannot be satisfactorily removed by the zone purification 
process. Several purification methods have been devised which pro- 
duce satisfactory results, but they are much more difficult and ex- 
pensive than germanium purification processes. 

The purified metal is next doped and grown into a single crystal. 
A small piece of single crystal, called a seed, is dipped into a cruci- 
ble containing the molten metal and slowly withdrawn. If tempera- 
ture conditions are properly maintained, a crystal of the same ori- 
entation will grow on the seed until all the metal in the crucible is 
exhausted. Doping is achieved by adding impurities to the molten 
metal at the proper rate. 

The degree of doping is determined by measuring the resistivity 
of the crystal. High purity germanium has a resistivity of 40 to 50 
ohms per centimeter. After doping, its resistivity should be from 
2 to 4 ohms per centimeter. Segments of the crystal having a dif- 
ferent resistivity are removed and reprocessed. 

The orientation of the crystalline structure is determined and the 
crystal is then sliced into thin slabs with diamond saws. These slabs 
are lapped to the required final thickness—generally 7 to 8 mils— 
and then cut into wafers. The size of the wafer depends on the 
type of transistor being made. 

Junctions are made in a number of different ways. One method 
involves placing indium pellets on each side of an n-type wafer and 
applying heat. The indium dissolves partially into the wafer and 
forms pn junctions. The depth of penetration is controlled by con- 
trolling the temperature and the heating time. The result is a pnp 
transistor element. Leads are soldered to each indium dot and to 
the wafer base, and the assembly is etched to remove surface metal 
which might have become contaminated.*It is then attached to the 
terminals of a header assembly and a case is welded on. The final 
operations are carried on in a controlled atmosphere to prevent 
contamination after the final etching. 4 

Completed transistors are subjected to elaborate tests. Small vari- 
ations in the resistivity of the base material or in the depth of 
penetration of the molten indium or in the positioning of the leads 
affect frequency, power, and gain characteristics of the transistor. 
Uniformity is achieved by sorting transistors into separate categories 
according to their characteristics. 


Automatic Production 


Though transistor production involves much hand labor, certain 
advances toward automatic production have been made. Purification 
of germanium and silicon, though not unattended, is largely auto- 
matic, depending on precise temperature control and timing of con- 
veyor mechanisms to achieve acceptable results. This is also true 
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ingots have been properly 


f i i . After the 2 7 
of crystal growing techniques the getual slicing 45 Ge 


oriented and positioned in the machine, 
matic, as is the lapping process. 

Dicing the slices into wafers and sorting them a 
is usually a hand operation. Machines are used, however, 
the wafers automatically according to their thickness. / th 

Automatic machinery has been developed which will ae e 
wafers to the required thickness, alloy indium pellets to the wa he 
attach and solder leads, etch away the excess indium, weld the une 
in header assemblies, perform the final etching, and seal the units 
into cases. These developments have not only reduced the number 
of production workers needed on an assembly line but have also 
resulted in more uniform quality. : 

Automated lines are in limited use because they are not versatile 
enough to produce the many types of transistors in current use and 
because technology is advancing so rapidly that manufacturers hesi- 
tate to make large investments in equipment to produce types of 
transistors which may become obsolete before the equipment devel- 
opment and production costs are recovered. Also, saving in production 
workers is offset to some extent by the need for additional techni- 
cians to maintain the equipment. Automatic assembly equipment will 
be used more extensively in the future as more transistor designs 
become stabilized. 

Much of the testing and sorting is performed automatically. How- 
ever, when transistors with other than conventional characteristics 
are desired, manual testing is necessary. Testing for quality-control 
purposes is principally manual. Since small variations in temperature, 
atmosphere, or timing can affect the product, tests are made at fre- 
quent intervals throughout the operation. 

Progress has been made in growing single crystals in long rib- 
bons which are doped for the desired pn junctions. This method 
promises to eliminate much of the mechanical labor and materials 
wastage involved in slicing, lapping, dicing, and sorting of tran- 
sistor base materials. 


ecording to size 
to sort 


Employment 


Semiconductor employment and payrolls in 1958-60 are shown in 
table 4. Multiproduct plants reported production workers and engi- 
neers and scientists engaged in semiconductor work separately from 
workers concerned with other products. However, ‘‘other’’ workers 
were not separately reported and the proportion had to be estimated. 
Out of each 10,000 manufacturing workers, 17 were employed in 
semiconductors in 1958 and about 26 in 1959. Engineers and scien- 
tists comprised more than 10 percent of all semiconductor employees 
in 1958, more than 11 percent in 1959, and almost 13 percent by April 
1960. Engineers and scientists were defined as those persons engaged 
in scientific or engineering work at a level requiring a knowldge 
of the physical, engineering, or mathematical sciences equivalent at 
least to that acquired through completion of a 4-year college major 
in those fields. 


Table 4.—Semiconductor Employment and Payrolls 
[Employment in units; payrolls in $1,000] 


January-April 


1958 1959 1960 
Employ- Pay- Employ- Pay- Employ- Pay- 
ment roll ment roll ment roll 
Production 
workers .... 20,000 72,000 30,100 113,500 34,700 45,000 
Engineers and 
scientists 2,800 22,500 4,900 39,500 6,200 17.000 
Otherwise 4,100 21,600 6,700 40,000 7,800 18,500 
Total 26,900 116,100 41,700 193,000 48,700 80,500 
Source: Department of Defense Survey, May 1960. 
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Sources: Joint EPRA/ BDSA Survey and Office of Business Economics, U.S. Department of Commerce. 


Fig. 1. Factory Shipments of Semiconductors, Manufacturers’ 
Sales of Durable Goods, and Gross National Product, 1954-59, 
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Shipments and Prices 


Semiconductor factory shipments increased more than 15 times in 
value in the period 1954-59, while the value of manufacturing sales 
in the durable goods industry increased about 29 percent and the 
gross national product 32 percent (table 5 and figure 1). Shipments 
of both transistors, and crystal diodes and rectifiers expanded rap- 
idly, but transistors made larger gains (table 6). The distribution of 
shipments for military and non-military uses is shown in figure 2. 


Table 5.—Factory Shipments of Semiconductors, Manufacturing Sales 
in the Durable Goods Industries, and Gross National Product, 1954-59 


1954 1955 1956 1957 1958 1959 


Factory shipments of semicon- 


ductors (million dollars) 90.0 151.0 210.0 395.0 


26.0 40.0 


Durable goods manufacturing 


sales (billion dollars) 134.8 156.9 165.7 169.9 148.6 174.2 


Gross national product 
(billion dollars) 


Source: Joint BDSA/EPRA Survey; Office of Business Economics, 
U. S. Department of Commerce. 


363.1 397.5 419.2 442.5 441.7 479.5 


Table 6. Estimated U. S. Factory Shipments of Semiconductors, 
1955-59 
[Quantity in millions of units; value in millions of dollars] 


Transistors Crystal diodes and rectifiers 
Quantity Value Quantity Value 
> > > 
Year a a a B 
hp > & > > 3 
g i s 3 Sg. due 
@ 4 ¢ 8 8 2 8 “S-—3 _3" Se 
io) id 5 Ha © } Z ° ° = ) 
6-985 % & 28 2 c8e 8) 27 Seo eee 
1955:- 39.0.4 35 13:0) -4:7-- 8:3) 28:1 6:5 221;62227:0 29: Seeiee 
1956_14.7- 1.1 13.6 40:0 .12:2 27.8 48.0 12:8 35.2 50:0 19:5) 30% 
1957 27.8 2.6 25.2 68.0 21.1 469 66.0 17.0 49.0 83.0 32.5 50.5 
1958 46.1 4.7 414 112.0 37.1 74.9 74.8 21.7 53.1 98.0 43.9 542 
1959 83.5 14.4 69.1 228.5 105.5 123.0 129.4 40.6 88.8 166.5 74.2 92.3 
Source: Joint EPRA/BDSA Survey. 
~Table 7.—Semiconductor Prices, 1955-59 
[In dollars] 
Year Transistors Crystal diodes and rectifiers 
Average Milita Non-" average. Milita aus 
8 TY military ge Mary military 
nS en eee 3.34 11.75 2.47 0.96 1.50 0.80 
O56 Perenveiia rt PS 11.10 2.04 1.04 1.52 0.87 
OEY oa eo 2.44 8.10 1.86 1.26 1.91 1.03 
TOSS i aranrer:. 2.43 7.90 1.81 1.32 2.02 1.02 
1959 © ee sires 2.74 7.33 1.78 1.28 1.83 1.04 
Source: Joint EPRA/BDSA Survey. 
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Source: Joint EPRA/ BOSA Survey, 


Fig. 2. Relative Distribution of Semiconductor Shipments— 
Military and Nonmilitary, 1955-59. 
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Factory shipments per employee amounted t i 
in 1958 and $9,500 in 1959. 9, Rep Paeay 1 P7200 
The greatest change in prices occurred in military transistors, 
which have dropped substantially in recent years (table 7). Even 
though prices of both military and nonmilitary types decreased in 
1958-59, the average transistor price increased slightly, owing to the 
larger proportion of military transistors than in previous years. (The 
more sophisticated military types have a considerably higher unit 
value than either entertainment or computer types.) Both tran- 
sistors, and crystal diodes and rectifiers comprise a large number of 
different devices, some quite expensive and many relatively cheap. 
Upward price trends usually reflect a greater proportion of expensive 
units or the development of new and more expensive types, rather 
than price increases in standard types. 


RESEARCH AND DEVELOPMENT 


The semiconductor industry, still in its infancy, is maintaining 
substantial R & D programs to improve the performance and reli- 
ability of semiconductor devices and to develop better production 
techniques. Several thousand different types of transistors and crys- 
- tal diodes are already in use, and new types are being added daily 

as the result of improvements in design and materials, or to meet 
new requirements. Technological progress is so rapid that, even 
considering these gains, probably most of the semiconductor devices 
that will be required 5 years from now have not yet been developed. 

A part of the research is being financed by the Governmnt through 
R & D projects and production-refinement projects, or Industrial Pre- 
paredness Studies (IPS) (table 8). 


Table 8.—Estimated Funding of Programs in the Semiconductor Area, 


1955-61 
[In thousands of dollars] 
1955 1956 1957 1958 1959 1960 1961 
Research and 
development ...... 3,169 4,052 3,798 4,010 6,300 6,800 11,000 
Industrial preparedness 
studies: transistors . 2,710 14,000 0 1,900 1,015 0 1,650 


Industrial preparedness 
studies: diodes and 
rectifiers 


Total 


2,240 850 500 200 0 1,110 800 
8,119 18,902 4,298 5,910 7,315 7,900 13,450 
Source: Department of Defense Advisory Group on Electron Tubes. 


In addition, some of the funds spent by the Department of Defense 
for work on the development of weapons systems are passed on by 
prime contractors to components manufacturers. In order to obtain 
information on the size and source of R & D funds, the Department 
of Defense made a special survey in mid-1960 (table 9). The follow- 
ing definitions were used in obtaining the information: 

Research and development: Basic and applied research in the sci- 
ences and in engineering, and design and development of prototypes 
and processes. It does not include quality control, routine product 
testing, market research, sales promotion, sales service, research in 
the social sciences or psychology, or other nontechnological activities 
or technical services. This definition includes: 

Basic research: Research projects that represent original investiga- 
tion for the advancement of scientific knowledge and that do not 
have specific commercial objectives, although they may be in fields 
of present or potential interest to the reporting company. 

Applied research: Research projects that represent investigation 
directed to discovery of new scientific knowledge and that have 
specific commercial objectives with respect to either products or 
processes. This definition of applied research differs from the defini- 
tion of basic research chiefly in terms of the objectives of the report- 
ing company. 

Development: Technical activity concerned with nonroutine prob- 
lems that are encountered in translating research findings or other 
general scientific knowledge into products or processes. Not included 
are routine technical services to customers or other items excluded 
from definition of research-development above. 


Table 9.—Research and Development Expenditures 
[Millions of dollars] 


January- 

1958 1959 April 1960 
Government funds, total .......... 13.9 16.2 6.8 
Department of Defense .......... 12.6 14.4 6.3 
OULET rita osarpscue Py caraistaivisiam ai 1.3 1.8 0.5 
Company LUNGS i). sce cce cscs conse 41.8 54.6 25.4 
DORA B LUNGS © feiatortintyoisisiaddalo,0 4.0.3 55.7 70.8 32.2 


Source: Department of Defense Survey, May 1960. 


The survey showed that R & D expenditures in 1959 amounted to 
about 18 percent of the value of factory shipments. The top five 
companies accounted for about 49 percent and the top 10 companies 
about 73 percent of the total. The Government furnished about 23 
percent of the funds, and manufacturers the remainder (table 10). 

The companies that maintain R & D facilities separate from their 


manufacturing facilities in December 1958 employed in these estab- 
lishments more than 1,800 workers and occupied 485,000 square feet. 


Table 10.—Concentration of R & D Expenditures, 1959 
[In percent] 


Number of firms Government funds Company funds Total funds 


ROE Sie Sestaentess oun 53.7 30.2 35.6 
BERSth ate a isikke tiles: 74.0 42.1 49.4 
Wire Ll etsy 89.5 68.2 73.2 
LiF |e Se Re 93.7 83.0 86.0 
PATSt ac cairn /« 96.5 89.4 91.0 


Source: Department of Defense Survey, May 1960. 


By April 30, 1969, employment increased to 2,300 workers and area 
to 641,000 square feet. 

Manufacturers reported the value of real property and equipment 
used for semiconductor R & D increased from $37.4 million on De- 
cember 31, 1958, to $52.8 million on April 30, 1960. On the latter date 
only $1.2 million of the facilities were owned by the Government. 


FOREIGN TRADE 


U. S. Exports of crystal diodes and transistors for the period 1954-59 
are shown in table 11. Exports in 1959 amounted to little more than 
3 percent by quantity and 2 percent by value of total U. S. factory 
shipments. 


Table 11.—U.S. Exports of Crystai Diodes and Transistors, 1954-59 
{Quantity in 1,000 units; value in $1,000] 


Year Quantity Value 
Lh Me eC DO SEN pe I 194 334 
TO Date iie ites ints ep aces eke nue Sinial sy ss 402 473 
OGG Sisto issere arin gre sxia outa Norw ovate 750 1,171 
I Py SRA TAS pecan clio | OSCE 2,694 4,230 
ORB ire ie issnwie slots si» bis eis bees 5,785 7,778 
LOGO ew sorte mniele cite si oeers bets 6,651 9,159 


Source: Report No. FT-410, United States Exports of Domestic and 
Foreign Merchandise, Bureau of the Census, U.S. Department of 
Commerce. 


Canada, Italy, and Australia were the best U. S. customers in 1959, 
accounting for 17, 12, and 10 percent, respectively, of the value of 
U. S. exports. Unit prices to different countries varied widely, the 
more costly units usually being purchased by the more highly in- 
dustrialized countries. The average unit price of semiconductor ex- 
ports to the United Kingdom was $4.10, for instance, but to Brazil, 
only 73 cents. Japan purchased 134,000 units for $550,000 at an 
average of about $2.42. 

Semiconductor imports are not shown separately in U. S. statistics. 
However, practically all such imports so far have come from Japan 
(table 12). Japanese semiconductor shipments to the United States 
in 1959 of 3 million units valued at $1.7 million amounted to 1.4 
percent of the units and about 0.4 percent of the value of total U. S. 
factory shipments. 


Table 12.—Japanese Semiconductor Exports to the United States, 


1956-59 
{Quantity in 1,000 units; value in $1,000") 
1956 1957 1958 1959 
Item Quan- Quan- Quan- Quan- 

tity Value tity Value tity Value tity Value 
a el ee 
Semiconductors 
LGtAL pokes s sins n.a. ma. na. na. na. n.a. 2,990 1,673 
Transistors .... (*) 4 1 11 7 2,803 1,581 
Other semi- 
conductor 
devices ...... n.a. Da. VA, na, n.a. n.a. 597 92 


n.a.—Not available. 
1Conversion at the rate of 360 yen = US$1. 
2Fewer than 500 units. 


Source: Japanese Ministry of International Trade and Industry. 


Unit prices of Japanese semiconductor imports in 1959 averaged 
about 66 cents for transistors and 16 cents for crystal diodes. This 
level is far below average U. S. prices and reflects the Japanese 
concentration in the low-cost, entertainment-type semiconductors. 
The United States was by far Japan’s best export market in 1959, 
accounting for more than half of its total exports of semiconductor 
devices. In addition to transistors as such, Japan in 1959 shipped 
to the United States radios containing an estimated 22 million 
transistors. 
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An expression is derived for calculating the average con- 
ductivity of a diffused layer in semiconductor material 
as a function of the surface concentration of the diffused 
impurity and the background impurity concentration. 


Some of the difficult problems of manufacturing control 
are outlined. Advantages offered by mesa construction 
for h-f applications are discussed. 


The simple theory of Hall effect and magnetoresistance 
is discussed. The use of various semiconductors for gal- 
vanomagnetic applications is considered, and some prac- 
tical applications described. 


Films about 1000 angstroms thick, suitable for observing 
dislocations by transmission electron microscopy, have 
beeu prepared from the brittle semiconductors, german- 
ium and silicon, by a combination of mechanical polish- 
ing and chemical etching. 


The computation required to construct the forward cur- 
rent gain versus load admittance curves of a 4-terminal 
network is greatly reduced if the output hybrid param- 
emter of the network is measured. The theory is illus- 
trated by application to a transistor. 


Measurements have been carried out on the thermo- 
electric power of dilute alloys of lead with the solutes 
Cd, In, Sn, Tl, and Bi, in order to test a plausible hy- 
pothesis that much of the thermoelectric behavior of 
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drag. 
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circuit is described. In this circuit the operating fre- 
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Report on how transistors perform logic functions; looks 
at available systems and components; gives tips on selec- 
tron and use; and shows case studies of transistor logic 
at work in industry. 
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are presented. 
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Switching speed of tunnel diodes, and isolation capabili- 
ties of transistors are combined: to obtain logic having 
switching times of 0.7 nanosecond. 


Memory planes using nickel-iron films 2,000 angstroms 
thick are made reproducibly by vacuum deposition on 
glass. Design of transistorized driving circuits is discussed. 


The heart of the communications system described here 
ex semiconductor device that modulates infrared radi- 
ations. 


Square waves can be generated from sine waves by sym- 
metrical clipping. Flatness of wave tops is increased by 
adding a second stage at output. 


Readout from magnetic heads and other low-level signal 
sources is constant within plus or minus 3 db over the 
range of 10 cycles to 1 mc. Details of circuit design are 
presented. 


Photoconductive and electroluminescent techniques are 
combined in a group of devices that can be used for 
v'sual readout displays, and as complex logic circuit 
elements. 


Circuit compresses video pulse ampliture by 12 db with- 
out affecting any small superimposed signals or over- 
loading components. 


Canacitance measurement techniques include Q meter 
and reactance drop methods. 


Circui‘s made use of epitaxial transistor characteristics. 
Applica‘ions considered are for high speed computers 
and VHF amplifiers. 


Nonlinear feedback look provides a way to modify the 
characteristics of a transistor amplifier. Design criteria 
are presented. 


Thermoelectric coolers can be used for local cooling of 
hot transistors. Results of using these elements on tran- 
sistors operated below and above their maximum rated 
junction temperatures are discussed. 


Recent transistor specifications usually include typical 
values of Ft. This article describes a graphical presenta- 
tion of ft as a functional of the d-c working point, and 
advantages of this method. 


Switching is considered both as a static and a dynamic 
operation. 


Electron emission from reversed biased p-n junctions in 
silicon carbide is discussed. 


A graphical presentation as described. 


Twinning is almost always observed where the speed 
presents (111) B surfaces to the melt. 


A solution for the continuity equation is given for a 
one dimensional slab parallel to the large faces of the 
sample. Twin boundary recombination velocities are 
measured experimentally. 


Thermoelectric stresses in bonded silicon wafers are 
studied by ergot techniques using near infrared 
radiation and an image converter tube. 


Homogeneous samples of peritectic semiconductors are 
prepared by combining zone leveling techniques with 
Bridgeman crystal growth methods. 


An electronic model is described in which photocurrent 
in photoconductors arises by excitation of electrons from 
discrete levels close to the valence band. Trapped holes 
fall to a stable ground state. 


Calculation of maximum and partial efficiencies of p-n 
junction solar energy converters is calculated for the 
case of radiative electron hole recombination. 


The various modulation products occurring in series, 
shunt, and ring modulators are evaluated for square- 
wave switching of the rectifiers. 


Discussion of diode characteristics, device design, series 
resistance, relationship between fe and other parameters, 
fabrication, and encapsulation. 


Alloying of metals in semiconductors is studied by using 
a liquid alloy contained in a capillary and fed from a 
large reservoir of alloy. The alloying method described 
permits the preparation of uniformly alloyed small con- 
tacts to semiconductors. Extremely flat junctions can be 
prepared, and the distance of these junctions from the 
wafer surface can be controlled at as shallow a depth 
as 0.25u. 
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FeGez 
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Double-Tuned Coupling Trans- 
formers 


D-C Inverter for 


Fluorescent 
Lamps 


High Speed Logic Circuits Using 
Diode Logical Networks and Cur- 
rent-Switching Amplifiers 


Output Coupling Networks for 
Use with Logical Circuits of the 
Emitter Current Switching Type 


Solid State Research at Low Tem- 
peratures—I Introduction 


Method of 


) Producing 
Transistors 


Stable 


Effect of a Constant Electric Field 
on Germanium Fast Surface 
States 


Low-Temperature Conductivity of 
Additively Colored KC1 


Diffusion of Compound Semicon- 
ductors 


Susceptibilities and Negative 
Knight Shifts of Intermetallic 
Compounds 


Nuclear Quadrupole Absorption 
in Indium Metal 


Behavior of Excited Electrons and 
Holes in Zine Sulfide Phosphors 
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JL Phys Soc Japan 
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Physical Review 
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Physical Review 
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Physical Review 
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CONDENSED SUMMARY 


Photovoltages up to a few hundred volts at room tem- 
perature pe es to a few thousand at liquid. nitrogen 
temperatures were observed under strong illumination in 
silicon and germanium layers with a distance of about 
1 cm between electrodes. 


A procedure is described for producing large solid multi- 
orustaliine ingots of gallium phosphide. Bars _cut from 
these ingots are being employed in the investigation of 
the floating zone technique for growing single crystals 
under controlled conditions. 


The anisotropic segregation of Se in InSb has been stud- 
ied using radioactive Se as a tracer element. A core 
consisting of a high concentration of Se has been found 
in the center of crystals pulled in the (111) direction. 


Pulse electroplating is shown to reveal resistivity varia- 
tions in germanium dentrites. The evaluation of the 
edges of the dendrites is deduced from the configuration 
of the resistivity variations. 


This paper discusses a modified transistor beta-phase- 
shift oscillator, and deduces the conditions under which 
the frequency may be made to vary linearly with sup- 
ply voltage. 


Experimental evidence is presented to show that the col- 
lector leakage current Ico of junction transistors con- 
tains a component which does not respond immediately 
to a step charge in temperature, but subsequently under- 
goes a slow growth both for positive and negative tem- 
perature changes. 


A survey is given of the thermal conversion phenomenon. 
A method is described that is generally applicable to get 
rid of thermal conversion after heat treatment of ger- 
manium, e.g. in diffusion experiments. 


The inductance and negative resistance of a_double-base 
diode are used to construct a frequency rejection filter 
with unusual properties. 


The reflection spectra of CdTe were measured in the 
spectral region from 20 wu up to about 400 uw at 90° K and 
and 300° K. 


A crystal of n-type germanium was heated with a small 
piece of indium on it, and subsequently cooled rapidly 
to cause regrowth of the p-type germanium on the sub- 
tract germanium from the indium melt. 


The magnetic properties of the two intermetallic com- 
pounds in the Fe-Ge system were investigated. Brief dis- 
cussions on the magnetic structure are given. 


The design of a two-stage 470 ke i-f amplifier using 
Sisere aipaneis iors and double-tuned transformers is de- 
scribed. 


A square-wave d-c inverter is described which is suit- 
able for driving one or two 40-watt fluorescent lamps 
from a 28-volt supply. 


Practical examples are given and their performance and 
design considerations discussed. 


Suitable networks are discussed, with emphasis on Zener- 
diode coupling with catching diodes to define the output 
signal amplitude. 


Part I of a three part series. Begins by way of an intro- 
duction to the subject by considering what exactly is 
meant by low temperature. 


Describes some results of investigations concerning 
methods of achieving surface conditions that would 
result in good transistors with a high degree of stability. 


Measurements of surface recombination velocity and 
surface conductivity were performed before and after 
application of the d-c fields of about 2x10° volts/cm. 
Results indicate that the energy and ratio of capture cross 
sections were unaffected by the field. 


The transient conductivity of additively colored crystals 
ory has been investigated at temperatures down to 10° 
elvin. 


Self-diffusion in single crystal INP and GaAs has been 
measured, together with the diffusion of the acceptors 
Cd and Zn, and the donors S and Se in GaAs. 


A simple model is offered which uses the exchange 
polarization mechanism to relate the sign and temperature 
dependence of the vanadium shift, Kv, and the X-site 
shift, Kx, to the temperature dependent susceptibility. 


The nuclear quadrupole resonance spectrum of indium 


metal has been observed a i 2 
Hine tance ee nd studied over the tempera 


The liminescent properties of silver and copper acti 
vated 

ans phosphors have been investigated at eur and liquid 

air temperatures using uv, blue light, and B-ray excitation. 
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tor Logic Circuits 
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Rectifier Evaluation 
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odes for the Protection of A-C 
and D-C Meter Circuits 


The Design of Distributed Ampli- 
fiers Using Silicon Double Dif- 
fused Transistors 
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ductor Devices 
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Recombination of Electrons and 
Holes in Atoms of Copper and 
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CONDENSED SUMMARY 


The temporal variation at high electric fields of the 
current and voltage in n-type InSb is examined. Obser- 
vations show the behavior characteristic of self-pinching 
of the electron hole plasma current. 


The d-c theory of p-n junctions has been extended, 
taking into account the mobile carriers or electrons and 
holes in the transition region. It is found that both the 
transition layer width and the transition carrier capaci- 
tance associated with the electrons and holes in the tran- 
sition region increase exponentially with applied voltage 
under forward bias condition. 


The spectral response and current voltage characteristics 
of a typical thin-film cell are given and compared to the 
same characteristic obtained from a single crystal cadmi- 
um sulfide photovoltaic cell. 


A theoretical and experimental study of the spectral 
response of p-n junction photovoltaic cells. 


Each of these components, contact and sheet resistance is 
examined theoretically and experimentally, and qualita- 
tive agreement between theory and experiment is shown. 


The efficiency of a solar energy converter consisting of a 
(Cs) NaexKSb emitter and an Ag-O-Cs collector is calcu- 
lated, taking into account the initial velocities of the 
photoelectrons, but ignoring space charge. 


A large number of ternary compound semiconductors 
having the cubic structure were synthesized, and the 
characteristics studied. 


Brief survey of advances include vacuum pumps, meas- 
urement of vacuum, ionization gauges, and high vacuum 
mass spectrometry. 


A description is given of the construction and operation 
of a device which is capable of producing multiple layers 
of evaporated films. 


Several methods for the measurement of ri, the magnitude 
of the tunnel diode negative resistance, are presented. 


A complete analog to digital converter system capable of 
describing a given input voltage within 25 microseconds 
is described in detail. 


Measuring factor, that is, cut-off frequency times a delay, 
is a function of a transistor with drift field in the base 
region. With cascaded stages, a net gain in feor of the 
cascaded unit is obtained. The net gain is tabulated as a 
function of number of stages. 


An electrical analogue is found which is a distributed 
electrical system or transmission line. The analogue is 
developed in general form such that, for zero drift field, 
it becomes the well-known diffusion transistor analogue. 


The complementary characteristic of these two types of 
RTL circuits are expressed in terms of Boolean algebra, 
which shows that different types are more suitable for 
handling OR-AND and AND-OR logic. 


The difficulties encountered using simple test methods 
are discussed, and one of the solutions to this problem 
is given. 


The application of the nonlinear characteristics of a 
silicon junction diode, operating in its forward or Zener 
region, to the protection of a-c and d-c meter circuits 
is described. 


A new scheme is proposed in which the base current in- 
creases with frequency at the same rate that the current 
gain falls with frequency, i.e. at approximately 6 db per 
octave. 


Junction formation, epitaxial deposition, devices fabri- 
cated by epitaxial deposition, and transistor character- 
isties, 


An investigation of the thermoelectric emf associated 
with a temperature gradient impressed across adjacent 
monocrystalline areas having different orientations. 


The existence of p-n-p junctions in PbS films sensitized 
by high temperature activation in air is demonstrated. 


In solar energy photoelectric converters made of poly- 
crystalline silicon the current maximum power which has 
been achieved is 6 mw/cm”. The cost of using poly- 
crystalline silicon is considerably less than that of using 
the monocrystalline material. 


The lifetime for samples having a nickel impurity de- 
creases exponentially with temperature at an activation 
energy of 0.5 ev while the lifetime of samples having a 
copper impurity increases exponentially when A E = .07 
ev. 


A method for studying photoconductive properties of 
semiconductor powders dispersed in a dielectric. 


The decay of photoconductivity without assuming neg- 
ligible filling of trapping centers is investigated. 
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CONDENSED SUMMARY 


t temperatures below 600°C, chemical interaction be- 
ree eu and Sb can occur when they are both present 
in Ge single crystals at concentrations lower than the 


solubility limit. 


Temperature dependence of the field emission current is 
del ernaingl by an increased electron concentration in the 
surface layer of semiconductors due to penetration of the 


field 


A study of conductivity, structure, and optical absorption 
of evaporated thin germanium films. 


A presentation of a theory of magnetic susceptibility for 
semiconductors with extremal loops. 


In the temperature range 20°C to_ 108°C, at frequencies 
below 200kc, the photodielectric effect in powdered cad- 
mium selenide is shown to be due to noncomplex photo- 
conductivity. 


Induced infrared photosensitivity due to structural de- 
fects in the crystal lattice is exhibited by several semi- 
conductors such as CdSe, CdTe, and Sb2Ses. 


The spectral and total photovoltaic response characteris- 
tics of alloy p-n junctions in alpha type silicon are dis- 
cussed. 


In silicon subjected to electric field strengths of 5-10+ 
v/cem a shift towards longer wavelengths of 150 angstom 
units in the fundamental absorption edge is observed. 


In the absence of thermal radiation, the resistivity and 
Hall constant of germanium obey an exponential law with 
an activation energy of .01 ev. 


Consideration is given to the manner in which forbidden 
band width varies with changes in effective electron and 
hole masses. 


A study of thermionic, photoelectric, and secondary elec- 
tron emission of silicon single crystals and silicon films 
treated in cesium vapors. 


A method is presented which utilizes the relationship 
between photocell short circuit current and the optical 
absorption coefficient of the cell. 


The characteristic obtained for alloyed germanium p-n 
junctions confirms Shockley’s formula at current densi- 
ties from 0.1 to 100 amp/cm? in the temperature range 
from —77°C to 70°C. 


A discussion of the mechanics of the recombination proc- 
ess connected with defects produced by gamma rays. 


The effects of voltage and temperature upon barrier ca- 
pacitance are discussed and an equation approximating 
the voltage dependence of said capacitance is given. 


Problems in r-f switching are outlined and the use of 
diodes as effective wideband switches is described. 


No abstract. 


A study is made of the relationship between the char- 
acteristics of the trigger pulse and the switching and 
memory capabilities of the flip-flop. 


The technology of preparing six specific types of thin 
film circuits is described in detail. e nds 


A theory concerning the operation of li i 
panels is described. . CERO NG ee eee 


Photo-resist techniques used in i ili 
) U rocessing silicon mesa 
transistors are described. ri . 


The pressure and temperature de i i 
; nd pendence of the dielectric 
properties of silicon and germanium are investigated. 


A discussion performance of a composite photovoltaic 


solar cell, which consi i i 
terentieserer a ace sists of two separate cells with dif- 


A progress report on devi : : 
evice 
components. design, materials research, 


Plane wave scattering from a crystal plane is discussed. 
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July 7, 1959 
_ 2,893,850 Apparatus For The Production 
_ of Elemental Silicon—F. Von Bichowsky. 
' Assignee: None. A means for controlling 
_ the deposition of silicon upon hot metal 
plates within a reaction chamber, said 
plates then undergoing thermal expan- 
tion which facilitates removal of the 


silicon. 


2,893,904 Thermal Zener Device On The 

_ Like—D. C. Dickson Jr. Assignee: Hoff- 
man Electronics. A junction device 
wherein high reverse currents cause op- 
eration at the thermal breakdown voltage 
level rather than the Zener voltage level, 
said device being suitable for use as a 
short circuit switch or protective ele- 
ment. 


2,893,929 Method For Electroplating Se- 
lected Regions of N-Type Semiconductive 
Bodies—G. L. Schnable. Assignee: Philco 
Corp. Means for electroplating n-type 
areas of a transistor without plating the 
emitter or collector of the device. 


2,894,075 Telephone Set—H. Kunckel. As- 
signee: None. A portable telephone set 
including microphone and a single stage 
transistor amplifier which also operates 
as an audio frequency ringer. 


2,894.112 Apparatus For Attaching Leads 
To Crystals—R. S. Breska, R. L. Moore, 
H. W. Schaufelberger. Assignee: Western 
Electric Co. Means for locating and affix- 
ing headed ends of wire leads surrounded 
with solder to crystals or the like. 


2,894,126 Radio Frequency Amplifier and 
Converter—T. B. Horgan. Assignee: AVCO 
Mfg. Corp. A transistorized high gain 
high frequency amplifier and converter 
for use in a superheterodyne radio re- 
ceiver. 


2,894,150 Transistor Signal Translating 
Circuit—C. C. Bopp. Assignee: AVCO 
Mfg. Corp. A signal amplitude limiter 
utilizing, jointly, emitter bias variation 
induced by signal level changes, and col- 
lector voltage saturation, as response 
limiting mechanisms for a transistor. 


2,894,152 Crystal Diode With Improved 
Recovery Time—R. L. Anderson. As- 
signee: IBM. Point contact diodes and 
gold bonded junction diodes having fast 
pulse recovery times, in the order of 
0.31 to 2.8 micro-seconds, depending on 
bias voltage. 


*Source: Official Gazette of the U. S. Patent 
Office and Specifications and Drawings of 
Patents Issued by the U. S. Patent Office. 


PATENT REVIEW" 


Of Semiconductor Devices, Fabrication Techniques and Processes, 


Compiled by SIDNEY MARSHALL 


2,894,180 Transistor Saturable Reactor 
Relay With Over-Frequency Cutout— 
R. J. Price. Assignee: None: A trigger 
controlled relay which ceases to operate 
when the control pulse frequency reaches 
a predetermined value. 


2,894,183 Transistor Subassembly—A, Fer- 
manian, Assignee: Sprague Electric Co. A 
contact electrode subassembly suitable for 
use with both point contact and junction 
devices. 


2,894,184 Electrical Characteristics of Di- 
odes—C. W. Veach, R. L. Crone. Assignee: 
Hughes Aircraft Co. Means for increasing 
the travel distance of minority carriers 
comprising the reverse leakage current, 
thereby reducing said current. 


2.894,206 Transistor Beta Tester—G. F. 
Montgomery. Assignee: USA (Commerce 
Dept.). An instrument for measuring the 
short circuit grounded emitter current 
amplification (beta) of a junction tran- 
sistor, at audio frequencies. 


2,894,208 Frequency Shift Transmitter— 
R. P. Crow. Assignee: Motorola Inc. A 
40 KC to 200 KC frequency shift trans- 
mitter utilizing a channel for transmit- 
ting information, said channel having 
a bandwidth of 500 cycles. 


2,894,210 Magnetic Coupled Multivibrator 
—T. Erb. Assignee: Sperry Rand Corp. 
A self exciting magnetic coupled multi- 
vibrator circuit employing a saturable 
core device to provide frequency control. 


2,894,211 Stable Transistor Oscillator Sys- 
tem—E. J. Bussard. Assignee: AVCO 
Mfg. Corp. A dominant positive feedback 
oscillator system including means for au- 
tomatic self adjustment of the transistor 
to achieve optimum operating conditions 
for the circuit concerned. 


2,894,215 Linear Voltage - To - Frequency 
Converter—W. N. Toy. Assignee: BTL. 
A multivabrator wherein the frequency 
of operation can be varied linearly over 
an extended range with respect to the 
amplitude of a control signal. 


2,894,217 Computing Circuits—J. G. Lin- 
vill. Assignee: BTL. A low distortion cir- 
cuit in which a negative impedance con- 
verter is employed to obtain zero 
impedance across the output element (as 
seen by the source). 


2,894,234 Electric Variable Resistance De- 
vices—H. Weiss, H. Welker. Assignee: 
Siemens Schuckertwerke. A. G. (Ger- 
many). A device employing a semicon- 
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and Circuits and Applications 


The abstracts appearing in this issue cover the inventions relevant to semiconductors from 
July 7, 1959 to July 28, 1959. In subsequent issues, patents issued from July 28, 1959 to date 
will be presented in a similar manner. After bringing these abstracts up to date, PATENT 
REVIEW will appear periodically, the treatment given to each item being more detailed. 


ductor element shaped and predisposed 
so that current flow there-through is 
dependent upon the strength of the mag- 
netic field in which the element is placed. 


2,894,246 Fire Alarm System—A. L. De 
Graffenried. Assignee: R. J. Stockholm, 
et al. A transistorized system for indi- 
cating the presence of abnormal condi- 
tions of temperature pressure or structure 
in vehicle wheels. 


2,894,250 Variable Frequency Magnetic 
Multivibrator—R. W. Rochelle, R. L. Van 
Allen. Assignee: None. An information 
storage circuit which provides storage of 
peak current information and nonde- 
structive readout thereof. 


July 14, 1959 

2,894,313 Method and Apparatus For The 
Controlled Aging of Semiconductor De- 
vices—J. W. Stinman, S. A. Robinson. 
Assignee: Philco Corp. An aging process 
comprising treatment of semiconductor 
devices with voltage pulses of increasing 
magnitude. 


2,894,314 Method of Making Selenium 
Rectifier—J. C. van Vessem. Assignee: 
North American Philips Co. A method 
including thermal treatment prior to 
forming, which treatment yields a seleni- 
um-cadmium compound on the counter 
electrode. 


2,894,862 Method of Fabricating P-N 
Type Junction Devices—C. W. Mueller. 
Asignee: RCA. A process which includes 
etching a semiconductor device after for- 
mation of the p-n junction in order to 
prevent diffusion or evaporation of im- 
purity substances over the surface of the 
device. 


2,894,863 Production of Semiconductor 
Bodies—S. E. Bradshaw;-H. Weald, A. I. 
Mlavsky. Asignee: Gen. Electric 'Co!"Ltd: 
A technique employing progressive solidi- 
fication of a body of molten silicon, and 
formation of p-type and n-type regions 
therein by selective evaporation from 
portions thereof of previously incorpo- 
rated antimony. 


2,895,045 Radio Receiver With Transis- 
torized Audio Detector and Automatic 
Gain Control Circuitry—S. Kagan. As- 
signee: AVCO Mfg. In a receiver of the 
type described, a common emitter detec- 
tor stage in cascade with an emitter- 
follower audio amplifier stage. 


2,895,058 Semiconductor Devices And 
Systems—J. I. Pankove. Assignee: RCA. 


43 


Means for achieving phase inversion be- 
tween output and input signals. 


2,895,081 Interrupted Flash Generator— 
J. W. Crownover, N. R. Smith. Assignee: 
None. A transistorized system for actu- 
ating a flasher such as a warning light. 


2,895,095 Electronic D.C. Motor—J. H. 
Guyton. Assignee: General Motors Corp. 
A contactless transistorized small d-c 
motor. 


2,895,100 Semiconductor Junction Type 
Rectifier Systems—L. Filberich, H. Na- 
gorsen. Assignee: Siemens Schuckert- 
werke AG. Means for suppressing the 
reverse leakage current in semiconductor 
diodes. 


2,895,109 Negative Resistance Semicon- 
ductive Element—G. Weinreich. Assignee: 
BTL. Means for increasing the frequency 
range of operation of the semiconduc- 
tive device, and means for causing am- 
plitude or frequency modulation of an 
oscillator circuit containing said device. 


July 21, 1959 

2,895,673 Transistor Binary Adder—F. C. 
Williams. Assignee: National Research 
Development Corp. (England). An adding 
circuit for producing sum and carry bi- 
nary digit output signals in response to 
analogue input signals. 


2,895,797 Recovery of Germanium Tetra- 
chlodire—C. T. Hill. Assignee: Texas 
Gulf Sulphur Company. Treatment of 
germanium sulphide with chlorine at 
300° C to 400° C in the presence of liquid 
sulphur yields sulphur and germanium 
tetrachloride. 


2,896,029 Semiconductor Amplifier Cir- 
cuits—H. C. Lin. Assignee: RCA. A tran- 
sistorized. push-pull single-ended ampli- 
fier. 


2,896,068 Electronic Track Circuit for 
Railroads—J. H. Auer, Jr., C. S. Wilcox, 
M. E. Hoff, Jr. Assignee: General Rail- 
way Signal Co. A railroad vehicle detec- 
tion circuit. 


2,896,114 Television Deflection and Pow- 
er Supply Circuits—I. G. Maloff. Assignee: 
RCA. Transistor horizontal deflection and 
high voltage power supply circuits re- 
duce ringing in the deflection circuit. 


2,896,115 Retrace Driven Deflection Cir- 
cuit for Cathode Ray Tubes—W. B. Guggi. 
Assignee: RCA. A deflection circuit hav- 
ing means for adjusting the sweep am- 
plitude without affecting the linearity 
of the circuit. 


2,896,124 Gaseous Glow Tube Circuits— 
L. R. Brown. Assignee: Burroughs Corp. 
Means for converting low voltage d-c 
to high voltage d-c for the operation of 
a gaseous glow tube. 


2,896,126 Lightning Protection for an 
Electronic Track Circuit—M. E. Hoff, Jr. 
Assignee: General Railway Signal Co. 
A system for protecting low voltage elec- 
tronic devices from damaging large am- 
plitude transient voltage surges, includ- 
ing capacitive means for dissipating the 
excess energy. 


2,896,130 Transistor Actuated Device— 
H. E. Tompkins. Assignee: Burroughs 
Corp. A high speed solenoid actuation 
and release mechanism. 


2,896,184 Loop Contact for Semiconduc- 
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= _ Myer. Assignee: Hughes Air- 
rea A “crystal-to-electrode contact 
consisting of a loop of a thin convex- 
shaped metallic ribbon which is pressed 
into contact with a crystal within the 
confines of a tubular-shaped element. 


2,896,136 Semiconductor Units—K. R. 
Hales. Assignee: Philco Corp. A hermet- 
ically sealed power transistor. 0S. 


2,896,146 Oscillator Starting Circuit—R. 
vi Jenkins. Assignee: General Motors 
Corp. A transistorized circuit for starting 
an oscillator which is in turn used to 
energize a vacuum tube rectifier. 


2,896,149 Electrical Generator Control 
Apparatus—L. R. Lowry Jr., G. W. Erns- 
berger. Assignee: Westinghouse Electric 
Corp. A regulator system for controlling 
the excitation current applied to the field 
of a generator. 


2,896,150 Frequency Control Device for 
Generators—B. M. Benton, R. P. Judkins. 
Assignee: Boeing Airplane Co. A transis- 
tor circuit for exciting the field of an 
a-c generator whereby the generator pro- 
duces a constant frequency output. 


2,896,151 Semiconductor Apparatus—R. J. 
Zelinka. Assignee: Minneapolis-Honey- 
well Regulator Co. A power supply volt- 
age regulator including a tetrode tran- 
sistor utilized as the final regulation 
stage. 


2,896,168 Transistor Characteristic Curve 
Tracers—Assignee: BTL. Means for meas- 
uring transistor parameters under stable 
conditions, including a collector constant 
voltage bias supply and an emitter con- 
stant current bias supply. 


2,896,170 Oscillator Circuit for Transis- 
tors—T. Grewe. Assignee: International 
Standard Electric Corp. A limiter for a 
transistor oscillator whereby pulse shifts 
resulting from changing loads are mini- 
mized. 


2,896,171 Oscillator—L. W. Erath. As- 
signee: Dresser Industries, Inc. A variable 
frequency oscillator comprising a p-n-p 
transistor coupled to a vacuum tube, 
said circuit having an output frequency 
variable between 1 cps and 2 megacycles. 


July 28, 1959 

2,896,305 Rectifier Electroforming Proc- 
ess—G. Eannarino. Assignee: Sarkes Tar- 
zian Inc. Selenium rectifier plates are 
electroformed at 1 to 3 amperes per square 
inch in an oil bath maintained at a tem- 
perature below 40° C. 


2,897,105 Formation of P-N Junctions— 
L. P. Hunter. Assignee: International 
Business Machines Corp. P-N junction de- 
vices are formed by the controlled melt- 
me of semiconductor material in powder 
orm. 


2,897,283 Multi Office Interlocked Sig- 
nalling Telephone System—J. G. Pearce, 
M. P. Tubinis. Assignee: General Dy- 
namics Corp. Means for accurate trans- 
mission and utilization of line selecting 
information. 


2,897,295 Cascaded Tetrode Transistor 
Amplifier—R. J. Zelinka. Assignee: Min- 
neapolis-Honeywell Regulator Co. A com- 
posite type tetrode transistor amplifier. 


2,897,329 Zone Melting Apparatus—H, F. 
Matare. Assignee: Sylvania Electric Prod- 
ucts Inc. Production of semiconductor 


material using a floating zone technique. 


2,897,353 Non-Linear Device Varying Im- 
pedance Match Between Antenna and 
Radio Frequency Stages—W. W. Schweiss. 
Assignee: Phileo Corp. A Class A tran- 
sistor amplifier suitable for use in the 
r-f stage of a radio receiver. 


2,897,377 Semiconductor Surface Treat- 
ments and Devices Made Thereby—H. 
Nelson, Arnold Moore. Assignee: RCA. 
Surface recombination in semiconductor 
devices is inhibited by layers of strong 
acid salts, electropositive metals, and aro- 
matic organic materials placed in contact 


ua with the surfaces of said devices. 


2,897,378 Semi-Conductor Signal Trans- 
lating Circuits—J. P. Jones, Jr. Assignee: 
Navigation Computer Corp. A high fre- 
quency response circuit. 


2,897,379 Transistor Phase Discriminator 
—J. G. Hinsdale. Assignee: Lear Inc. A 
discriminator circuit employing split load 
impedances wherein the outputs across 
the dual loads are controlled by a single 
transistor. 


2,897,380 Magnetic Pulse Counting and 
Forming Circuits—C. Neitzert. Assignee: 
General Time Corp. Common emitter con- 
nected transistors are utilized to auto- 
matically reset saturable core devices in 
a magnetic pulse counter. 


3,897,419 Semiconductor Diode—F. L. 
Howland and J. W. West. Assignee: BTL. 
A miniature junction diode suitable for 
use in printed circuits. 


2,897,421 Phototransistor Design—A. P. 
Kruper. Assignee: Westinghouse Electric 
Corp. A device which presents a large 
area photosensitive junction and a high 
ratio of effective photosensitive material 
to semiconductor volume. 


2,897,429 Supply Circuit Transistor Cur- 
rent Control For Electric Loads—P. J.. 
Jochems. Assignee: North American Phil- 
ips Company, Inc. A current supply cir- 
cuit, the output of which is independent 
of supply voltage or load impedance. 


2,897,430 Stabilized Transistor Electrical 
Power Supply—J. T. Winkel. Assignee: 
North American Philips Company, Inc. A 
power supply which provides a stabilized 
direct voltage across a load. 


2,897,431 Voltage Stabilizing Circuit—k. 
Wolfendale. Assignee: North American 
Philips Co. Inc. Transistor voltage stabil- 
izing circuit for a d-c power supply 


2,897,432 Electrical Signal Regulator—J. 
M. Jackson. -Assignee: General Electric 
Company. A load voltage regulator in- 
cluding a transistor voltage comparator 
for producing an output in response to 
load voltage variations, said output being 
used to effect a compensating change in 
load impedance. 


2,897,433 Direct Current Voltage Regu- 
lator—R. P. Putkovich, G. J. Thompson. 
Assignee: Westinghouse Electric Corp. A 
d-c voltage regulator using transistor 
controlled magnetic amplifiers to provide 
an output voltage which varies inversely 
with a control voltage, the sum of the 
two being maintained at a constant pre- 
determined value. 


(To be Continued) 
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d Rosin-Core Solder 


A rosin-core solder that provides up to 
'331/3% greater flow is now available 
‘from Alpha Metals, Inc. This property 
imsures greater reliability of solder con- 
nections, increased wetting, and more 
joints per pound, Consists of a solder 
wire center core coated with flux, then 
covered with an outer sleeve of solder. 
It is available in all alloys of tin-lead 
‘and may be had in tin-lead-silver for 
soldering silver-fired ceramic parts. It is 
supplied in diameters from .032” up, and 
in varying flux percentages. Meets Fed- 
eral Specifications QQ-S-571C. Photo 
shows ordinary solder on left, Alpha 
Cen-Tri-Core solder’s greater flow on 
right. 


Circle 140 on Reader Service Card 


Silicon Photosensors 


282682868 
ipa 4 ea as 


tig} 4 ; 4 


Philco Corporation’s Lansdale Division 
has announced a new line of silicon 
photosensors with high voltage capabili- 
ties making possible greater economies in 
the design of photo diode readout cir- 
cuitry for data processing equipment. The 
new photosensors are capable of handling 
up to 20 volts of reverse breakdown volt- 
age with under 10 ua of leakage current. 
Absolute Maximum Ratings: Operating 
Temperature —65°C to +150°C, Storage 
Temperature +175°C, Reverse Bias Volt- 
age for L-4412 (at 25°C) 20 V d-c, Re- 
verse Bias Voltage for L-4413 (at 25°C) 
20 V d-c. 

Circle 126 on Reader Service Card 


Glass Diode Final Sealer 


Research Instrument Co., final sealer 
is a programmed, batch type unit. It is 
equipped to seal seven diodes per cycle, 
under inert gas pressure. Machine fea- 
tures: Individually closing chucks for the 
sleeve assemblies; whiskers individually 
weight loaded for ohmic contact; air 
purged from bell without waste of inert 
gas; diodes or parts ejectable by air from 
chucks. Theoretical production is 700 di- 
odes per hour. This is achieved with two 
units per operator. 1500-2000 Volt Silicon 
Diodes have been made, without the aid 
of coatings in this equipment. Built to 
order in appx. 2 mo. 

Circle 106 on Reader Service Card 


New Products 


High Current Regulated Power Supplies 


Trygon Electronics announces the Cen- 
tury Series high current regulated d-c 
power supplies. The series covers eight 
units ranging from 0-15 VDC at 80 am- 
peres to 0-160 VDC at 16 amperes with 
line and load regulation of better than 
0.03% and ripple less than 1 mv RMS. All 
units have adjustable current limiting 
automatic short circuit protection and are 
capable of remote programming over the 
entire voltage range up to rated output 
current. 

Circle 133 on Reader Service Card 


Transistor Enclosure 


Actual Size 


Shown in the above photograph is the 
SAC-seal type 110, product of Scully- 
Anthony Corporation. The enclosure is 
specifically designed for sealing by the 
Koldweld* process. *(Registered trade 
mark of Utica Koldweld Division of Kel- 
sey-Hayes.) No solders, fluxes, heat or 
sparking results. Special tools required 
are available. 

Circle 124 on Reader Service Card 


Centrifuge 


The DeLaval Separator Company solids 
accumulating centrifuge recovers ger- 
manium dust lost to the coolant used in 
a slicing operation. Separation is rela- 
tively simple because of the large 
specific gravity differential between ger- 
manium and the coolant. Use of a solids- 
accumulating bowi eases recovery of the 
separated sludge, which packs hard and 
dry. The bowl is cleaned once a week 
and all the germanium sludge is re- 
claimed. Since all liquid contact parts in 
the centrifuge are stainless steel, the 
slightly acidic coolant has no ill effect 
on the equipment, according to the com- 
pany. 
Circle 137 on Reader Service Card 
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Ceramic Capacitors 


Compact layer-built ceramic capacitors 
for use in transistor circuits with prac- 


tically “zero temperature coefficient” 
have been introduced by Sprague Elec- 
trie Company as the newest members of 
its family of Monolythic capacitors. The 
N030 units are held to so close a tempera- 
ture coefficient on the nominal negative 
TC of 30ppm/°C that they may be classed 
as NPO temperature coefficient units by 
existing industry and military standards. 
Standard units are available from ratings 
of 51v4F to 51004u4F at 200 volts d-c at 
85°C, or 50 volts d-c at 125°C. 
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Eutectic Alloys 


Automation Alloys has developed a 
method of production of Au/6Si eutectic 
alloy strips and punched preforms, to as 
low as 0.001” thickness, and with width or 
preform diameter approaching 0.5” to 
0.75”. The special method enables them to 
do so without the formation of the oxide 
layer on top. Thus, they offer free-flow- 
ing Gold/Silicon eutectic alloy preforms, 
in experimental as well as production 
quantities. The company also is in full 
scale production of accurate inlays, over- 
lays, single and sandwich clad materials. 
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Precision Glass Diode Packages 


T. H. Garner Co. announces complete, 
in-plant facilities for the fabrication of 
precision glass diode packages. Diamond 
saws simultaneously cut multiple glass 
tubes to square, smooth end configura- 
tions, holding a tolerance of .001” to .002” 
on length. Roundness of bodies is held to 
less than .0015”. Concentricity: less than 
.002” T.ILR. Bead roundness is held to less 
than .001”. Bead concentricity: less than 
002” T.ILR. 
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Crucible Furnace 


Lindberg Engineering Company an- 
nounces their new KEC6-49 crucible fur- 
nace with recommended operation at 
temperatures of 1400°F to 2800°F. The 
manually operated, bottom loading unit 
with a heated chamber of 4” by 4” by 9” 
high has a vertical lift mechanism for 
ease of loading and discharging work. 
When lowered from the chamber, the 
work load rests on a roller conveyor for 
easy removal or pouring. 
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Vacuum System Control 


A device which functions like a radio 
alarm clock now can control or protect 
the operation of industrial vacuum sys- 
tems. Called Protectovac Type 0745, the 
10-pound unit automatically maintains 
any preselected level of pressure from 40 
to 1000 microns for vacuum furnaces, 
coaters and pumping systems. Introduced 
by NRC Equipment Corporation, the de- 
vice reads a signal from an NRC type 521 
thermocouple gauge and opens and closes 
5 amp. contacts at the selected pressure 
point. 
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High-Performance Hall Devices 


Two new Hall-Effect magnetic sensing 
devices, the Transverse Field and Axial 
Field “Hall-Paks,’ have been produced 
by F. W. Bell, Inc. The transverse field 
“Hall-Pak,”’ Model BH200, measures only 
.000” in length, .130” in width and .019” in 
thickness and is furnished with 714” leads 
of #34 ga. copper. The active area is .080” 
by .180”. Model BH203, the axial field 
“Hall-Pak,” is 195” in diameter and 3/16” 
in total length and carries #34 ga. cop- 
per leads 14” long. The active area of this 
unit is .058” by .148”. Both operate in the 
temperature range of — 40°C to +100°C 
and are designed for continuous opera- 
tion at 85°C. 
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Industrial Transistor 


A new fast-switching silicon industrial 
transistor, the 2N957, is available from 
Fairchild Semiconductor. Designed for 
use in VHF and IF amplifiers, it has a 
voltage rating of 40 volts and a power 
rating of 800 milliwatts. Guaranteed mini- 
mum d-c beta is 45; minimum a-c beta 
at 1 mc is 40 and at 100 mc is 2. The de- 
vice is packaged in a JEDEC TO-18 con- 
figuration. 
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Temperature Testing Center 


A convenient, movable test stand de- 
signed to centralize temperature tests in 
one area has been announced by Delta 
Design, Inc. The unit has a 24” x 30” rub- 
berized working surface which will ac- 
commodate the company’s series of port- 
able temperature chambers. It also has a 
similar size storage shelf beneath the 
unit. Provisions are made for the storage 
of two fifty pound bottles of Liquid CO. 
used in conjunction with the temperature 
chambers. 
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Thin Cell Selenium Rectifiers 


General Electric Company announces a 
new line of miniature “Vac-U-Sel’” thin 
cell selenium rectifiers In a new paper- 
base, phenolic cartridge. The cells are of 
010-inch thin aluminum stock. They are 
fitted into the new phenolic housing like 
a stack of pennies in a 50-cent paper bank 
tube. Stacks are available with up to 500 
cells. They operate at 130°C ambient tem- 
perature. A single stack used in a half 
wave circuit will accommodate 15,000 
volts and will block a peak reverse volt- 


age of 31,500 volts. 
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Germanium Alloy Switching Transistors 


Latest additions to a series of germa- 
nium alloy switching transistors manufac- 
tured by Sylvania and approved for mili- 
tary applications by the United States 
Navy, are two p-n-p and two n-p-n units, 
which round out a series of four comple- 
mentary pairs and which meet the re- 
quirements of MIL-S-19500/126A. All 
eight transistors use a TO-5 package out- 
line and have a maximum total power 
dissipation rating of 150 mw at 25°C in 
free air. D-C current gain (h®®) runs 
from a minimum of 20 to a minimum of 
80 at I = 10 ma, V°" = 1.0 V; and from a 
minimum of 10 to a minimum of 20 at I° 
= 200 ma, V°® = 0.35 V on the respective 


types. 
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Silicon Micro-Diodes 


General Instrument Semiconductor Di- 
vision announces a series of silicon micro- 
diodes, featuring a micro-miniature pack- 
age, (MD04, MD06, MD08, MD10) for com- 
puter and general purpose applications. 
The peak inverse voltages range from 40 
to 100 volts, power dissipation at room 
temperature is 250 MW, average rectified 
current rating is 75 MA. This series is 
characterized by very low reverse leak- 
age current at 150°C. The excellent prop- 
erties of these micro-diodes are derived 
through the use of surface passivation 
techniques on a planar diffused structure. 
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Silicon Power Transistors 


Secoa Electronics Corp., introduces six 
new high power silicon mesa transistors 
for switching and amplifier applications. 
JEDEC types 2N1069, 2N1070, 2N1487, 
2N1488, 2N1489 and 2N1490 have low satu- 
ration resistance and feature high tem- 
perature ceramic to metal insulating seals. 
These units are rated for 75 watts dissi- 
pation at 25°C case temperature. They 
differ in voltage ratings and beta. 
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High-Temperature Electric Furnace 


A new dual high-temperature, dual: 
zone unit has been announced by The: 
Pereny Equipment Co., Inc., Model: 
SNXKSG has two immediately adjacent: 
hot zones; one operating at 2900° F while) 
the other operates simultaneously at! 
2300° F. The high temperature zone is| 
heated with molydiscilicide elements and: 
the other with silicon carbide elements, : 
In order to assure necessary temperature 
gradients and levels, each chamber is 
controlled by means of its own individua’ 
tap-transformer and direct-reading inpu* 


ammeter. 
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Ceramic-To-Metal Housings 


High temperature ceramic-to-metal 
housings suitable for use in packaging 
power and controlled rectifiers, and ca- 
pable of withstanding temperatures to 
1700°F, are now available to the semi- 
conductor industry from Advanced Vac- 
uum Products. Sheer strength in the 
order of 15,000 p.s.i. excellent thermal 
shock resistance at temperatures of 
1000°F, coupled with high thermal con- 
ductivity are characteristics of the truly 
vacuum seal, leak tested 1 x 10-°cc/sec. 
ADVAC, a subsidiary of Glass-Tite In- 
dustries, Inc., is organized and staffed to 
provide the semiconductor design engi- 
neer with assistance and recommenda- 
tions in the development of rectifier hous- 
ings. 
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4-Trace Preamplifier 


Seventeenth in the “letter-series” of 
plug-in units, the new Type M Unit adds 
multiple-trace displays to the wide range 
of applications possible with Tektronix 
oscilloscopes. You can observe up to four 
signals, either separately, or in any com- 
bination. Independent controls for each 
amplifier channel permit you to position, 
attenuate, invert input signals as desired. 
Other convenient features: triggered or 
free-running electronic switching, a-c or 
d-c coupling, and, after initial hookup, 
little or no cable switching. 
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‘Silicon Controlled Rectifiers 


Texas Instruments Incorporated has in- 
itroduced the TI-150 Series of 25-amp 
‘diffused silicon controlled rectifiers. 
» These new devices eliminate the need for 
2 using low-current SCR’s in parallel to 

handle high-current applications. They 

are rated for an average rectified forward 
, current of 25 amps at 100° C, carrying a 
* maximum d-c current of 35 amps at 95° C. 
|The rated breakover voltages, both for- 
ward and reverse, for the Series are 50, 
/ 100, 200, 300 and 400 volts respectively. 
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Miniature Insulators 


Ceramics International Corporation is 
producing miniature insulators for use 
in transistor research. Dense alumina 
wafers .014” thick are being produced in 
030” square, .050” square and .070” square 
sizes. The wafers are metalized and gold 
plated on both sides with no overlap on 
the thin edges. CI engineers say that they 
have achieved excellent solderability of 
the wafers to transistor bases and of 
miniature components to the wafers. 
Wafers have been made as small as .008” 
thick by .018” square. 
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Controlled Environment System 


A controlled environment system incor- 
porating a new type of conveyorized oven 
has been developed by Temperature Engi- 
neering Corporation for the production 
of high-quality rectifiers at low cost. The 
Tempcor system can be adapted to the 
manufacture of a wide variety of elec- 
tronic components, according to the com- 
pany. Heart of the controlled atmosphere 
system is an infra-ray conveyor oven ca- 
pable of baking out impurities by focus- 
ing heat directly on component parts and 
heating them to within 14° F of the de- 
sired temperature. 
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Desiccator Cabinets 


A new clear plastic desiccator cabinet 
providing a dust-free, humidity-free cli- 
mate for storage of critical items is now 
available from Ray Products, Inc. Shelf 
models have 1%” clear plexiglas bodies 
with fused and flame polished edges se- 
cured by a %” door with a rubber gasket 
seal. Inside dimensions of the cabinet are 
12”x12”x12”. Three shelves are adjustable 
to five positions. Hinges and hardware are 
chrome plated. Suction cup feet permit 
stacking of several cabinets. Weight is 
approximately 14 pounds. 
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Industrial Batch Ovens 


These Blue M Ovens are used for gen- 
eral aging, curing, drying, preheating 
tempering, coil and armature baking, core 
baking, synthetic finish baking, and many 
similar procedures. Indicating/Controlling 
thermostat provides quick reading and 
setting of oven temperature; with dual 
scale calibration, enclosed contacts and 
stainless steel sensing bulb and capillary. 
Two temperature Ranges: to 356° F 
(180°C) to 600° F (316°C.) Standard Sizes: 
from 16 to 96 cubic feet. 
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Automatic Assembly Machine 


A new automatic assembly machine 
that can produce 6,000 transistor headers 
an hour has been developed by Rhebo 
Corporation, subsidiary of Rheem Manu- 
facturing Company. The machine can be 
adapted to many different precision op- 
erations including welding, punching and 
threading. It can assemble as many as 40 
different kinds of parts at the same time. 
A number of other machines are under 
development. 
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Equipment Conversion Kits 


Conversion Kits that will change sev- 
eral of its precision instruments and pro- 
duction machines now widely used in 
the semiconductor and microcircuit indus- 
tries from manual to semi-automatic op- 
eration, are being offered by Kulicke and 
Soffa Manufacturing Company, Inc. The 
Kits are designed to increase the pro- 
duction capability by simplifying opera- 
tion of K&S Models 400, 401, 401AB and 
402 Thermocompression Wire Bonders 
and of K&S Model 310 Production Probe. 
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Automatic Gas Purifier & Dryer 


United States Dynamics, Industrial 
Equipment Division, announces its new 
automatic gas purifier and dryer Model 
SPG-100, designed to remove both oxy- 
gen and moisture from hydrogen, form- 
ing gas, ete. The device consists of two 
sections: a Dyn-Oxo Catalytic Precom- 
biner, and an Automatic Gas Dryer and 
Purifier. The combined unit is con- 
tained in a compact cabinet 28” high x 
24” wide x 7” deep. Flow rating is 0 to 
100 SCFH. Operating pressure range is 0 
to 150 PSIG. Higher ranges are available 
also. 
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Packaged Mobile Clean Room 


CAEMCO is making available an in- 
dependent, complete, packaged 500 
square foot Clean Room complete with 
air conditioning, filtration system, air 
shower, lighting, toilet facilities, dressing 
room, interlock, electric outlets, vinyl 
walls and floor. The entire unit is factory 
manufactured and delivered complete 
and ready for use. Special facilities or 
components as well as workbench “Steril- 
hoods” can be provided. The area can be 
expanded by attaching additional inde- 
pendent mobile units through the use of 
specially designed air shower interlocks. 
Available on a rental basis. 
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Alumina Semiconductor Polishing 


Semiconductor-grade alumina powders 
for the critical production polishing of 
silicon and germanium wafers have been 
developed by the Crystal Products De- 
partment of Linde Company, Division of 
Union Carbide Corporation. These new 
materials now have tighter stock removal 
and scratch rating quality control. Type 
1.0C powder is used to remove stock from 
surfaces that are about 6 microinches rms. 
Type 0.3A can then be used for prelimi- 
nary polishing and Type 0.05B for the 
final polishing of the wafers. All are 
chemically prepared, contain less than 
100 parts per million of impurities and 
have an extremely uniform ultimate par- 
ticle size. 
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, Demineralizing E 
Equipment 
irom ID 


Fully ‘‘Packaged”’ 
System Supplies 
125-150 GPH of 
18 Megohm Water 


Penfield’s new S-150 Demineralizing System in- 
cludes multiple influent filters to remove turbidity, 
master dual-column demineralizer, scavenging car- 
bon filter, polishing mono-column demineralizer, 
sub-micron effluent filter — all completely ‘‘pack- 
aged’’ on a single skid, ready to deliver an 
effluent of 18 megohms and better upon simple 
connection to service lines. (Other fully “‘pack- 
aged’’ Penfield systems available with capacities 
from 60 to 10,000 GPH.) 


Pressure-Type 

Demineralizer 

“Polishes” to 
Ultra-High Purity 
at Point-of-Use 


The Penfield PM-8 Demineralizer supplies up to 50 
GPH of 18-22 megohm water — is ideal for point- 
of-use ‘‘polishing.’’ Permanent cartridge design 
prevents raw water by-pass experienced with 
“canned”’ resin units. Cartridge unscrews by hand 
to permit easy resin renewal from bulk supplies, 
enabling substantial savings in replacement resin 
costs. Unit also can be charged for use as a 
cation exchanger, anion exchanger, carbon filter, 
oxygen or organic remover, and is adaptable for 
scavenging oil from gases. 


In-Plant 
Regeneration Unit 
Saves 90% of Costs 
of Demineralized 
Water 


A Penfield Regeneration Unit makes the renewal 
of exhausted resins from Point-of-Use Deminer- 
alizers an easy in-plant function. Operator merely 
feeds resin into unit, then turns a single master 
switch to control resin separation, regeneration, 
rinsing and proper re-mixing. Average operating 
cost, including all labor and regenerants, is less 
than 30c per cartridge. 


Fully Integrated 
Weir Washer 
“Polishes,” 

Heats, Monitors, 

Cascading Water 


Integral filters and pressure-type demineralizers 
enable circulation of 18-22 megohm water through 
multiple partitioned tank of a special weir design 
that precludes stagnation. Direct reading conduc- 
tivity meter permits instant monitoring at any of 
three check points. Novel clip bar makes replacing 
heat elements simple. (Penfield also constructs 
weir washer tanks in standard sizes or to cus- 
tomer specifications, using a wide variety of ma- 
terials such as block tin, cast acrylic plastic, etc.) 


15 years of ion exchange pioneering means 
that Penfield has on file field-proved 
answers to most industrial water prob- 
lems — usually can detail the system you 
need by phone, ship your completely ‘‘pack- 
aged’’ units in a matter of days. Try a 
phone call or letter and see for yourself. 


Manufacturing Co., Inc. 


Telephone: BEveriy $-1694 


19C High School Ave., Meriden, Conn. 


Serving the Electronics Industry with lon Exchange 
Systems ¢ Filters © Weir Washers ¢ Parts Baskets 
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Resistor 


TUBE FURNACE 


For 


PERECO 


temperatures 


up to 


Rocket Material Research — : 


—one of many uses 


This Pereco CT-412 Tube Furnace, 
shown installed in the laboratories 
of Atlantic Research Corporation of 
Alexandria, Virginia, is being used 
to research and test rocket mate- 
rials. But it’s equally suited to many 
other types of industrial or military " 
investigations. Wide range turn-down and with capabilities for holding 
to plus or minus 20° F at 5000° F insures accuracy of results that can 
be repeatedly duplicated. Other features of this unit include: great flexi- 
bility in choice of extremely rapid or slow cycle heat-up; close control of 
both temperature and power imput; full range, FAIL-SAFEH, safety 
devices; and easy, low-cost element replacement. Write today for more 
details—or tell us of your needs, so we can advise as to available Pereco 
units most suitable for specific applications. 


PERENY EQUIPMENT CO., INC. 


Dept. M, 893 Chambers Road Columbus 12, Ohio 
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| SERVICE 
: NOW | 
| AVAILABLE | 


SEMICONDUCTOR PRODUCTS is making a new source of 
information ayailable to all firms interested in being kept up 
to date on materials or equipment for producing semicon- 
ductor devices. If you wish to receive all new literature on 
silicon, germanium, chemicals, machinery, or other such ma- 
terials, circle #99 on the reader-service card. Your name will 
be placed on a special list which will be forwarded to all 
such suppliers. As these suppliers have news available in their 
field, you‘ll be notified by them immediately. This service is 
restricted to firms manufacturing semiconductor devices or 
firms contemplating entering into production within 120 days. 
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Industry News 


CONFERENCE CALENDAR 


Following October 1961 Meetings Are Scheduled: 


1-4 


2-4 


2-4 


9-11 


16-17 


16-19 


18-20 


19-20 


20th 


25-26 


26-28 


Electrochemical Society Meeting, Statler Hotel, 
Detroit. 


7th National Communications Symposium, 
Utica, N. Y. Sponsored by PGCS, Rome-Utica 
Section. For Information: R. K. Walker, 34 
Bolton Rd., New Hartford, N. Y. 


IRE Canadian Electronics Conference, Auto- 
motive Bldg., Exhibition Park, Toronto, Can. 
Sponsored by Region 8. For Information: A. R. 
Low, c/o IRE Canadian Electronics Confer- 
ence, 1819 Yonge St., Toronto. 


National Electronics Conference, International 
Amphitheatre, Chicago. Sponsored by IRE, 
AIEE, et al. For Information: Dr. Wm. L. Fire- 
stone, Motorola, Inc., Chicago. 


National Symposium on Engineering Writing 
& Speech, Kellogg Center, Michigan State U., 
E. Lansing, Mich. Sponsored by PGEWS. For 
Information: J. D. Chapline, Phileco Corp., 3900 
Welsh Rd., Willow Grove, Pa. 


2nd International Congress on Vacuum Tech- 
nology, Sheraton Park Hotel, Wash., D. C. 
Sponsored by Internat] Organization for Vac- 
uum Science & Tech., and American Vacuum 
Society. 


Optical Society of America, Annual Meeting. 
Sponsored by AIP. Biltmore Hotel, Los An- 
geles. 


Symposium on Electronics Engng & Education, 
Greensboro Coliseum, Greensboro, N. C. Spon- 
sored by N.C. Section. For Information: Henry 
A. Voorhees, 1015 Wendover Circle, Winston- 
Salem, N. C. 


2nd N. Y. Conference on Electronic Reliability, 
NYU College of Engng., University Heights, 
N. Y. For Information: M. A. Benanti, Molec- 
ular Electronics, New Rochelle, N. Y. 


Conference on Reliability Assurance Tech- 
niques for Semiconductor Specifications, Dept. 
of Interior Auditorium, 18th & C Sts., N.W., 
Wash., D. C. Sponsored by AIA, ASQC, EIA, 
IRE, JEDEC. For Information: Wm. H. von 
Alven, ARINC Research Corp., 1700 K Street, 
N:W., Wash. Ds C: 


Electron Devices Meeting, Sheraton Park 
Hotel, Wash., D. C. Sponsored by PGED. For 
Information: Dr. I. M. Ross, Bell Telephone 
Labs, Murray Hill, N. J. 
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An estimated 76% of all engineers and scientists em- 
ployed by the U. S. electronics industry are supported by 
government funds, according to a survey recently con- 
ducted by the Electronic Industries Association with the 
cooperation of the Department of Defense. The remaining 
24% is engaged in commercially supported activities. The 
report discloses that there are an estimated 155,000 engi- 
neers and scientists performing electronics work in all 
areas. Eighty-three % or 128,000 are employed by indus- 
try, while 8% are working for the Federal Government 
and 5% are doing research work for universities and non- 
profit organizations. The remainder comprises independ- 
ent consultants, engineers and scientists between jobs, and 
those not identifiable by area of electronic activity. 


General Instrument Corporation announced receipt of 
a contract from the Atomic Energy Commission to develop 
a model of a first-of-its-kind thermoelectric generator 
designed to produce electricity directly from the heat of 
‘Mixed Fission Products (MFP), the unrefined waste of 
nuclear reactors. 


: RESEARCH & DEVELOPMENT 


What is believed to be the first thermoelectric generator 
made of ceramics has been developed by Minneapolis- 
Honeywell for the U.S. Army. It is capable of operating 
at unusually high temperatures, up to 2,400 degrees F, 
and produces four times the voltage of thermoelectric gen- 
erators made of more commonly used materials such as 
intermetallics, the company said. Output of the new gen- 
erator, it added, is 1,000-1,200 microvolts per degree C., 
compared with 250-300 for intermetallics. A pilot model 
delivered to the Army’s Picatinny Arsenal at Dover, N.J., 
which supported the development program, is designed to 
deliver 100 volts under no load. 


The generator is made like a cake with 14 layers. The 
nickel oxide is sprayed on one side of each layer, and 
platinum on the other. The ceramic and metal then are 
scored with a diamond-bladed circular saw so that they 
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.. there are X more! 


“Indalloy’” Intermediate Solders, manufactured exclusively 
by the Indium Corporation and used extensively in printed 
circuit work, are noted for their wettability (with metallic 
AND non-metallic surfaces), their corrosion resistance, and 


their help when special temperatures are important. 


Indium solders assist flowability and workability. Adhering 
readily to many varied surfaces, these solders can be tailor- 
made for special application. Perhaps you have a need for 
Indium in solder, spheres, pellet, powder, wire, ribbon or 
metal forms. Write our research department today... we're 


glad to help! 


INDALLOY SOLDERS 


adhere to: 


TAPER 


ORDER 
YOUR 
COPY OF 


“INDIUM” 


Published privately, this valu- 
able reference book is a ““must’”’ 
in research. 


¢ 26 metals, alloys 


@ 21 thin metal 
films 


© 18 non-metals © 770 pages 
@ 91 drawings, diagrams, 
photographs 


@ Annotated bibliography 


$10.00 per copy 


FREE SOLDER BOOKLET... 


Write Dept. S-6 for new 
Indium bulletin: ‘““INDALLOY” 
Intermediate Solders. 


THE 


CORPORATION OF AMERICA 
1676 LINCOLN AVENUE * UTICA, NEW YORK 


Since 1934... Pioneers in the Development and Applications 
of Indium for Industry. 


Circle No. 22 on Reader Service Card 


o3 


Now THERMO-PROBE 


HEATS TRANSISTORS 
TO REQUIRED 
TEMPERATURE 


Thermo-Probe 


Test circuits on the bench — 
not in the oven. 


Interchangeable tips for transistors, diodes, 
resistors, crystals, etc. 
Probe temperature 25°C to +150°C 43°C. 
Temperature Stability = 0.5°C. 
Heater Power 7 watts. 
Price $72.50 F.O.B. Altadena (includes tip 
for TO-5 transistor case). Most special tips: 
$2.50 each. 


KENNEDY COMPANY 


2029 N. Lake Ave., Altadena, Calif. MUrray 1-0028 
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FOR 
RESEARCH 
AND 
PRODUCTION 


CRYSTAL SECTIONING .005” to .010” 
Cut sections as thin as .005” practi- 

cally plano-parallel from blocks 34" 

x 114” x 3” in less than 5 minutes 

with this 6500 RPM 4” x .012” dia- 

mond wheel. Automatic, two direc- 

tion, precision table feed. Rate of 

feed set from 34” to 34” per minute. 

14 H.P., 115 volt, rubber mounted 


motor. Immediate delivery. Write for 


Specifications 


© BRONWILL SCIENTIFIC. 


Division of Will Corporation 


282 North Goodman St., Rochester 7, N.Y. 
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appear to be wrapped around each layer like an unbroken 
wire. Felt-like ceramic separates the layers. Even the 
nuts and bolts holding the unit together are made of a 
special ceramic, since ordinary steel would melt under 
the unusually high temperatures at which the thermo- 
electric generator operates. 

A second thermoelectric generator being built by Hon- 
eywell for the Army will employ the nickel oxide, but will 
substitute iron oxide for the platinum, producing even 
higher voltages. 


A new type of clock which is at least ten times as ac- 
curate as the best conventional chronometer has been 
developed at the General Electric Research Laboratory, 
according to Dr. Guy Suits, vice president and director 
of research. The clock in its present form gains or loses 
only five seconds a year, and even better performance 
may be obtained if desired. The device is small and 
rugged, and operates for about four months on a single 
size D mercury battery (about the size of a standard 
flashlight cell). Dr. Suits said the clock is a laboratory 
device and no plans to produce it commercially have been 
announced. 

The new clock, which was developed by Robert L. Wat- 
ters, operates on an entirely different principle from that 
of an ordinary clock. Its timing standard is a quartz 
crystal, which produces very stable electrical vibrations 
at a high frequency. The quartz crystal has long been rec- 
ognized as an almost ideal time standard, but its use in 
such a compact, practical chronometer became possible 
only with the recent development of the new solid-state 
electronic device, the tunnel diode. 

Watter’s clock uses only three tiny tunnel diodes to 
convert the 100,000 cycle-per-second crystal vibrations 
into a 50 cycle-per-second current to drive the clock 
motor. This is possible because of the unique ability of 
the tunnel diode to change a high frequency signal into 
one of much lower frequency, something that is relatively 
difficult to do using vacuum tubes or transistors. 


Scientists at the Westinghouse research laboratories 
have demonstrated a unique electronic device which 
might best be described as a “molecular slide rule.” The 
tiny device electronically performs multiplication and di- 
vision by a process similar to that used in the familiar 
mechanical slide rule. 

The multiplying and dividing function performed by a 
new functional block is equivalent to that done by an 
array of four separate diodes, or three diodes and a tran- 
sistor. The functional block, however, is capable of greater 
accuracy than the assembly of individual components. 
The new functional electronic block multiplies by adding 
together voltages that are logarithms of the quantities to 
be multiplied. 

The molecular slide rule performs electronically by 
means of semiconductor junctions. An electric current fed 
into a junction gives a voltage across the junction propor- 
tional to the logarithm of the current. An input of two 
currents into two junctions gives a voltage which is their 
logarithmic sum. The antilogarithm, measured at the out- 
put of the functional block, is the product of multiplying 
them together. Division is the opposite process. The cur- 
rents are fed into the multiplier-divider in such a way 
that their two logarithms subtract instead of add. Used 
for multiplication or division, the new device has an in- 
put range of 10 to one and an output range of 100 to one. 
Its accuracy in multiplying and dividing is within 5%. 
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FOR STAMPINGS 
CALL J&H 


Semi-conductor precision metal 
stampings and deep-drawn parts. Made to 
close tolerance at low cost. Fast service. Write 
or phone for prices and free copy of Bulletin 82. 


An affiliate of 

BBperior Tube Co. JOHNSON &€ HOFFMAN 
MEAGNSO-F A: Cai OoR-NeGS CO. R°P' OrR A: TEROWN 
31East 2nd Street + Mineola, New York « Pioneer 2-3333 
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MARSHALL 


furnace apparatus for 


SEMI-CONDUCTOR 
PRODUCTION |, 


-.-permits zone refining 
and directional freezing 


Typical combination for preparing gallium arsenide consists of 2 
furnaces 2”1ID x 10”OD x 20” and 1 furnace 2”ID x 10”OD x 6”. 
Note adjustable spacing between furnaces, Thomson rods and 
ball bushings for linear motion of entire unit. 


* 1 


®ce 08026 © © © © & 


Model 60-SC furnace apparatus is designed for semi- 
conductor preparation and growing single crystal materials. It con- 
sists of two or more tubular furnaces mounted on a common axis 
with a quartz reaction tube running through all furnace chambers. 
This arrangement permits zone refining and directional freezing of 
most semi-conductor materials. Furnaces are available in temper- 
ature ranges to 1400° C., can maintain uniform zones of £1° C., 
and have sufficient shunt taps to establish any reasonable tempera- 
ture profile within the chamber. Furnaces can be spaced to establish 
sharp temperature gradients between adjoining units, and can be 
driven in tandem along the support stand at speeds from 4%” to 
9” per hour. Marshall can supply the complete package of appro- 
priate furnaces, support stand, drive unit, and temperature controls, 
for horizontal operation (shown above) or in vertical position for 
“Bridgman Drop” experiments. Ask for specification sheet 825-A. 


Marshall Products Co. tuduar furnaces and control panels 
270 W. LANE AVENUE, COLUMBUS 2, OHIO 
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Problem: 


“On spec” yield of semi-conductor compo- 
nents drop as much as 40°/o within 50 cycles 


when using graphite jigs 


Solution: 


for semi- 


Boron nitride machines easily to 
close tolerances, resists chipping 
and retains internal jig details. 
It holds dimensions, has excel- 
lent release characteristics and 
is non-toxic. 

Contact with silicon, germa- 
nium, indium, antimony, lead 
and other metals has little effect 
up to 1800 F in oxidizing or 
reducing atmospheres. For more 


BORON NITRIDE 


conductor jigs 


information on greater yields with boron nitride, write Latrobe Plant, 
Refractories Div., Carborundum Co., Latrobe, Pa. 


CARBORUNDUM 


Model CS-140 


GYRO TORQUER SUPPLY 


@ Precision Current Source 
e@ DC and/or AC 
@ Pulse Output Possible 


For testing and measurement of 
gyro torquers, zener, reference 
diodes, magnetic components, other 
current sensitive devices. 


© Current Range is 0.1 ua to 150 ma 
© Regulation 0.002% 
© Resolution 1 part per million 


In use by leading companies for 
gyro torquer supply, component re- 
liability testing, calibration, ref- 
erence zener testing, 


Literature describing this and other 
constant current sources from 0.1 ua to 
30 amp. may be obtained from 


NORTH HILLS 


ELECTRONICS, INCORPORATED 
GLEN COVE, L.I., N. Y.|ORiole 1-5700 
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PREFORM WIRE 
FOR SEMICONDUCTORS 


WE PUT A HANDLE ON tiny wire 
bends...and_ transistor assembly costs 
tumbled! Adaptable to manual, semi- 
automatic, or wholly automatic Operation, 
these easy-to-handle preform wires are 


available in any shape—and in every wire 
material. 


_ Successfully used in TO-5 and half- 
size TO-18 packages. 


CALL or WRITE TODAY for LOW PRICE and 
FAST DELIVERY—to your specifications 


SPHERES ° PELLETS « WASHERS + CLAD METALS 


— SEMLALLOYS, inc 
20.N, MacQuesten Pkwy. + Mount. 
Tel. Mount Vernon 4-2800 
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New 
Literature 


The features and equipment of six 
models of radio frequency heating unite 
are described in a series of bulletins 
issued by Lindberg Engineering Com- 
pany. The units described are designed 
to convert powerline energy to high-fre- 
quency electrical energy suitable for in- 
duction heating of metals and other 
electrical conducting materials. 
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Tektronix two-page specification sheet 
details characteristics of two systems for 
observation and measurement of current 
waveforms. The P6016 AC Current Probe 
and Type 131 Amplifier constitute a 
current-detecting system for use with 
a wideband oscilloscope. The P6016 AC 
Current Probe with a Passive Termina- 
tion provides for observation and meas- 
urement of current waveforms at fre- 
quencies to 20 me (with 30-mc oscillo- 
scope) and sensitivity of either 2 or 
10 ma/mv (of oscilloscope sensitivity). 
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Semi-Alloys, Inc., lists hundreds of 
different alloys, in their data sheet on 
semiconductor materials, which meet the 
most stringent requirements. Basically, 
these include aluminum, gold, silver, 
indium, tin and lead, which are in turn 
combined with one or more of most of 
the non-gaseous elements in the periodic 
table. 
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Computer Techniques has just com- 
pleted its catalog for the 1200 series of 
digital logic modules. This 16-page, two 
color catalog contains detailed informa- 
tion for the use of logic modules with 
typical applications for shift registers, 
accumulators and counters. Incorporated 
are detailed illustrations, block diagrams 
and schematics. 
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A newly revised catalog detailing all 
technical specifications and capacities of 
their Heat-Les dynamic desiccant dryers 
is now available from Trinity Equipment 
Corporation. In addition to listings of 
standard and new model sizes, the cat- 
alog contains complete formulae and 
tables for sizing this type of dryer. 
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Technical Bulletin AV-100, a 2-page 
data sheet, describing ceramic-to-metal 
housings for high-power high-current 
semiconductor rectifiers, is now available 
from Advanced Vacuum Products, Inc. 
The first in a series describing ADVAC’s 
line of metallized ceramic products for 
semiconductor applications, it includes 
a photo showing typical rectifier hous- 
ings, as well as a line drawing showing 
construction details which will be highly 
useful to semiconductor design engineers. 
The Bulletin also lists complete electrical 
and mechanical properties of the high 
alumina ceramic used in this application. 
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A revised Plastic Fact File describing; 
the properties and typical end uses of 
the diversified line of materials produced 
ay Monsanto Chemical Company’s Plas- 
tics Division is available. The 16-page 
oooklet includes detailed results of 
American Society for Testing Materials 
tests on the company’s broad range of 
ustrex styrene, Monsanto Polyethylene, 
Opalon vinyl chloride and Lustran SAB 
land SAN molding and extrusion com- 
pounds. 
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Bulletin 03-201-A discusses the fea-j 
ures, selection, and applications of an‘ 
improved selenium photovoltaic cell de-* 
eloped in the Solid State Laboratories 
£ Daystrom, Incorporated, Western In- 
struments Division. The cells are de- 
scribed in text, photographs, and draw- 
ings. Technical data supplied ranges 
om explanations of current output and 
spectral response to dimensional dia-¥ 
‘grams. 
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A new 23 page catalog describes 
F. J. Cooke Inc., high vacuum systems, 
‘instruments and valves. Featured under 
systems are high temperature, cold jacket 
Hurnaces and special purpose vacuum 
evaporators. The instrument section in- 
‘cludes an ionization gauge control with 
automatic range switching. A series of 
right angle cast stainless steel valves is 
described. Detailed descriptions and tech- 
nical specifications are provided. 
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Relco Products has prepared a one-! 
sheet short form catalog on its five series’ 
of heat radiators. Several new models 
are illustrated with complete perform-. 
ance curves to show heat dissipation. 
The design of Relco heat radiators per- 
mits choice of external transistor mount- 
ing, mid-position mounting and internal 
mounting. 
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Beryllium oxide, when in the form cf 
a high-density ceramic body, is an elec- 
trical insulator and an excelent conductor, 
of heat. Typical values for the electrical,‘ 
thermal and physical properties of two 4 
UOX BeO bodies are provided in mit 
data sheets offered by The Brush Beryl-* 
lium Company. 
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A new full color, 20-page catalog illus- » 
trating the Wil-Gard line of protective 
gloves and finger cots has been published ; 
by the Wilson Rubber Co. The publica- f 
tion reports the relative resistance rat-; 
ings of these glove materials to solutions 
commonly used in industry. Another 
chart offers a check on physical charac- 
teristics, such as tensile strength and heat 
resistance. Specifications are listed for the 
approximate minimum thickness, length, 
weight, and size of each style, as well as 
its application to various industries and ; 
services. ; 
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A new catalog of diamond wheels and 
diamond hones has been published by 
Norton Company. The catalog contains 
general information on diamond wheels, 
recommended starting specifications for 
a wide variety of work, prices, and a 
section of wheels-for silicon and germa- 
nium cutting. 
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NOW-— PRODUCE YOUR OWN 
TRANSISTOR PHOTO-MASKS 
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The same precision instrument Mann uses in step-and-repeat production 
of photo-masks for transistor manufacturers can now be yours on pur- 
chase or lease. The advantages: Cost and time savings whenever you 
need new masks ; Convenience in experimenting with new types of masks; 
Complete proprietary security. 

Designed around a two-coordinate comparator, the Mann Photo- 
repeater provides positioning of patterns to an accuracy of 1 micron 
(.00004”), exact focusing, and precise ratio of reductions. A programming 
mechanism, capable of performing various combinations of step-and- 
repeat operations, makes exposures automatically. Or, the equipment 
can be used manually to make specially spaced exposures. 

A three-pin plate positioning mount is furnished, so that an aligned 
series of plates may be accurately positioned and exposed. A mask use 
fixture of identical configuration makes it possible to insert a series of 
photo-masks and produce precisely aligned successive exposures of the 
semiconductor material. 

The Photorepeater is available in three basic models—TIndustrial, 
Research and Manual. Write or phone for complete details. 


DAVID W. MANN & COMPANY 


A DIVISION OF GEOPHYSICS CORPORATION OF AMERICA 
LINCOLN, MASSACHUSETTS —CLEARWATER 9 - 8015 
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BLUE M Gea Gmpay 


BLUE ISLAND, ILLINOIS 
DIVISION: BLUE M ENGINEERING COMPANY 
2312 So. Main Street, Los Angeles 7, California 
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LABORATORY 
KANTHAL FURNACES FOR eer Ee 
Electric laboratory furnaces, designed for Kanthal Super Cermet 


Elements and for REH Tubular Elements, provide continuously 
high temperatures at remarkably low cost. 


Kanthal Super Elements provide continuous furnace operating 
temperatures up to 2700°F and 2900°F in Tubular and Box 
Furnaces. Furnaces are supplied with platinum-rhodium 
thermocouples. 

Kanthal REH Tubular Elements provide continuous furnace 
temperatures of 2370°F, and intermittent temperatures up 
to 2460°F. Type RH-1 tubular furnaces are supplied with 
thermocouple and safety fuse. 


Element Furnace Type Chamber Dimensions 
Kanthal Super Box Up to 12” x 8" x7” 

Kanthal Super — Tubular Up to 2-3/4” ID x 29” long 
REH Tubular only IDs of 1-9/16", 2-3/4”, or 4! 


in 7-7/8" or 19-3/4” lengths 
Elements and parts available separately. Write for complete data and prices. 


"4 THE KANTHAL CORPORATION 


19 Amelia Place, Stamford, Conn. 
Canadian Rep., Ferro Enamels, Ont. Canada 
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Market 


Sales 


The Bureau of Mines has reported that the production of selen. 
ium compounds totaled 208,074 pounds of contained selenium for 
the first quarter of this year. This was 24% above the fourth 
quarter last year. The price of commercial-grade selenium was 
quoted at $6.50 a pound while the high-purity variety was $7.50 
a pound during January of this year. 


According to the Electronics Division, BDSA, U.S. Department 
of Commerce, the output of Japanese semiconductors in 1966 
totaled over $71 million. This was a 35% increase over the almosi 
$53 million produced the previous year. The output in 1959, 
however, increased by 114% over 1958. The following statistics 
also show that 87% of Japanese radios produced last year con- 
tained three or more transistors. 


Japanese Electronics Production, Annual, 1958-1960 


Quantity in thousands Value in thousands 


of units of dollars? 
Product 1958 1959r 1960 1958 1959'r 1960 
Semiconductor 
Dévicestonnecone ere Seuets ---. 24,468 52,893 71,285 
Diod eS weisagrec. bere 10,106.7 33,094.9 44,990.3 2,657 6,963 7,372 
Germanium .... n.s.s. n.s.s. 43,259.5 n.s.s. n.s.s: > 6318 
Silicon! Qs acl n.s.S. n.s.s. 1,730.8 ns.s. nis:s. T1058 
Transistors: §h.ess)s 26,736.3 86,500.5 139,808.9 21,354 44,479 53,847 
Germanium .... N.S.s. n.s.s. 139,686.2 n.s.s.  nis.s. 53,458 
SUieon Bec. teicie n.s.s. n.s.s. 172.7 8.8. * hss: 396 
Photo-transistors . 12.2 23.5 62.6 46 58 109 
Thermistors ...... 1,635.7 8,677.6 9,576.5 411 1,393- -Ei7a 
WaristOrsieene en. n.a. n.a. 5,320.0 n.a. Nn.a. 981 
Rectifier elements na. n.a. 6,629.9 n.a. n.a. 7,801 
Germanium .... 106.7 245 
Sihecon™ eee 1,918.3 4,099 
Selenium ...... 4,559.6 3,419 
Other ga aa 45.3 38 
Radio. receivers, 
total cease eee: 4,897.1 10,025.2 12,850.9* 87,088 156,631 194,293* 
Tube type ..... n.s.s.. 2,103.5 1,771.2 ns:s. 33,508 25.49 
Home "is. woes TS:S-g Oto n.s.s. 23,007 
Portable ..... n.s.s. 56.8 N.s.s. 441 
Automobile .. n.s.s. 35.3 Ms.s. 1,665 
With 3 or more 
transistors ... n.s.s. 7,622.8 11,079.7 n.s.s. 122,367 169,180 
Home Getto N.s.s. 732.8 n.s.s. 13,374 
Portable ..... n.s.s. 10,225.7 n.s.s. 150,958 
Automobile .. n.s.s. 121.2 n.s.s. 4,848 
With less than 3 
transistors ... n.s.s. 298.9 n.a. N.s.s. 756 n.a. 


1U.S. dollar equivalents converted from yen at the rate of 360 yen= 
$1.00; value data represent factory prices plus excise taxes and 
royalties, if any. 

*Excludes radio receivers with less than 3 transistors. 

n.a. Not available. n.s.s. Not shown separately. r data revised. 


NOTE: These statistics include only production data from manufac- 
turers employing 20 or more workers. Totals may be understated 
ple: because of lack of complete information on production of all 
products. 


Source: Data obtained by the U.S. Embassy, Tokyo, from the Japanese 
Ministry of International Trade and Industry 


Prices 


The excessive price slashing which has characterized the semi- 
conductor industry in recent months has caused manufacturers 
to keenly scrutinize current cost-price ratios to meet a more 
stable market. Firms are adopting various strategies, in an effort 
to bring price schedules and operating costs into more realistic 
alignment such as: consolidation of manufacturing facilities; de- 
velopment of new product lines; dropping of older lines; use of 
automated techniques; reappraisal of existing accounting pro- 
cedures, and reexamining marketing practices. Sylvania, for 
example, is planning to phase out nearly all non-epitaxial lines 
except germanium mesa and germanium alloy switching tran- 
sistors. Raytheon plans to drop some of their products such as 
the older germanium diodes of the joint-contact type in metal 


cases. Fairchild Semiconductor plans to continue to introduce 
new products. 


Fairchild Semiconductor has reduced the price of its type 
FT-1310 silicon planar transistor 40% to $12 each in lots of 1-99 
and $8.50 each in quantities of 100-999. The EIA has designated 


this unit the 2N709. It can be packaged in TO-5, TO-18 or micro- 
block configuration. 
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t General Electric Co., is producing its first commercial series of 
high current silicon rectifiers. These units designated 1N3289 
whrough 1N3295 have peak reverse voltage ratings from 200 to 
1,000 v. The 200v model is priced at $9.50 each and the 1,000v 
Snodel at $44 each. 


; 


" The Lansdale Division of Phileo Corp., has introduced their 
Pepitaxial silicon mesa transistors, 2N2086 and 2N2087 for high 
Wvoltage, high speed, medium power applications. The 2N2086 is 
Wpriced at $10.95 each from 1-99 units and at $8.03 from 100-999 
junits. The 2N2087 with a more closely controlled beta, is priced 
lat $11.55 and $8.47 in similar quantities. 


* Hickok Electrical Instrument Co., has available a portable, fully 
‘transistorized in-circuit tester for measuring in-circuit parame- 
ters of small and medium power transistors and diodes. This 
tester lists at $335. 


The manufacture of lead telluride, material for use in the 
‘operation of the thermoelectric generators which supply auxil- 
‘lary power to space satellites, was announced by Alloys Un- 
limited Chemicals, Long Island City, New York. The material is 
available in n and p types, doped or undoped. Prices are: pow- 
dered, $150 to $170 a pound; ingots (14mm dia. x 6” long) $40-$45; 
‘square pieces (45” x %” x 6” long) $67.50 to $75. 

Financial 

Net income of General Electric Co., dropped 13.3% in the 
second quarter while sales climbed 1.6% over the same period 
a year ago. Net profits were $51,002,000 equal to 57¢ a common 


share, compared with $58,815,000 or 66¢ a share in the like period 
of 1960. Sales totaled $1,081,803,000 against $1,065,266,000. 


General Instrument Corp., had a 3.2% gain in net profits and an 
increase of 13% in sales for the first fiscal quarter ending May 31, 
1961. Sales were $19,220,342 as against $16,983,282 for the compar- 
able period a year ago. Net earnings were $663,076 equal to 27¢ 
per common share as compared with $642,727, equal to 26¢ per 
share for the like period in 1960. Corporate backlog of orders as 
of May 31 was at a high of $53,540,000 up from $44,600,000 in 
May 1960. 


The American Stock Exchange has approved for listing the 
common shares of Alloys Unlimited, Inc., Long Island City, N.Y., 
Arrow Electronics, Mineola, N.Y. and Silicon Transistor Corp., 
N.Y. 


Expansion 

Sylvania Electric Products Inc., Woburn, Mass., is expanding its 
Semiconductor Division manufacturing facilities by more than 
40%. This expansion program will add 81,000 square feet of manu- 
facturing space to their plants in Woburn and Hillsboro, N.H. 
The Woburn plant will have more than 220,000 square feet and 
the Hillsboro plant more than 51,000 square feet. 


General Instrument Corporation has established a special Ferro- 
Electric Ceramic Department at its Newark, N.J. plant and has 
begun production of ceramic semiconductors and other advanced 
types of piezo-electric ceramic materials and components for use 
in military and industrial electronic equipment. 


General Electric Co., has broken ground for a $1.5 million, 
39,000 square foot computer laboratory in Sunnyvale, Calif. Plans 
call for its completion by the end of the year. 


The Lansdale Division of Philco Corporation has announced 
the formation of a new Microelectronics Department for the de- 
velopment, manufacture and marketing of highly miniaturized 
semiconductor circuits. The firm is also shortly planning to re- 
enter the market with gallium arsenide tunnel diodes after over- 
coming problems that forced the units back into the laboratory 
last November. 


REDUCE COSTLY 
KERF LOSSES 


in slicing 
semiconductor material... 


Now ... switch to 314 ‘* diameter diamond 
wheels to slice 1‘‘ diameter crystals on 


(blovoneth WAFERING 
MACHINES £ 
featuring the NEW TYPE 2 


CARTRIDGE SPINDLE 


This specially-engineered spindle 
mounts a 31%’ diamond wheel in 
place of the usual 5‘’ wheel to 
give from 40% to 100% more 
slices per 1’ diam. crystal... re- 
duce kerf loss by 28% to 47%! 


Micromech’s thinner blades in 
31¥‘' diameter size can save from 
.004" to .009” per slice... add 
up to savings of $200.00 a day! 


Moreover, the 314‘' wheel allows 

cutting speeds up to 3“’ per minute 
. increasing production while 

decreasing loss of material. 


Type 2 Cartridge Spindle is now 
standard on Micromech hydraulic 
automatic wafering machines. 
Write today for detailed infor- 
mation. 


FOR QUALITY CONTROL — 
Micromech Optical 


Orientation System 


This easy-to-operate system produces accurate 
visual patterns for identification of principal 
planes of any single crystal material, No inter- 
pretation or correlation data needed, Operator 
need not be technically trained, Transference 
of aligned crystal from orientation base to 
wafering machine table allows accurate cut- 
ting of crystal on plane to which it was 
aligned. Self-contained low-cost unit requires 
only 2 sq. ft. of table space. 


Micromech Diamond Wheels 


Micromech stocks 3Y2"" diamond wheels for the 
economical and fast slicing of all semiconductor 
materials. 

Wheels also available in other popular and odd 
sizes, DIT and DITRS types, Precision manufacture 
to close tolerances assures accuracy of cut and 
long life. 

Send for free technical data 


MICROMECH MANUFACTURING CORP. 


A Division of Sanford Manufacturing Corp. 


MUrdock 7-3200 


695 Rahway Avenue 


Union, New Jersey 
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MANUFACTURED 
TO YOUR 
SPECIFICATIONS 


One of a kind, or millions of parts 
-.. you get the closest tolerances 
from GARNER —tolerances which 
have led the field in the redrawn 
glass industry since 1953. 


Large stocks of many different glass 
types and sizes—including the unusual. 
Available for immediate redraw. 


Customer minded— We constantly up- 
grade equipment and techniques to keep 
ahead of your needs. You'll find us espe- 
cially helpful on difficult requirements. 
On-time deliveries—_GARNER is geared 
for volume production to tight specifica- 
tions—ona day-to-day basis. You get the 
parts you need... when you need them. 


j Send for complete data. 


T. H. GARNER 
COMPANY 


177 S. Indian Hill Blvd. 
Claremont, Calif.e NAtional 6-3526 
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Personnel 
Notes 


Election of Maurice Friedman as a Vice 
President of General Instrument Corpo- 
ration was announced recently by Martin 
H. Benedek, Board Chairman. Mr. Fried- 
man, formerly Executive Vice President 
of the Company’s Semiconductor Divi- 
sion, will also serve in the newly created 
post of Executive Assistant to the Presi- 
dent. 


Hevi-Duty Electric Company, Water- 
town, Wis., has announced the appoint- 
ment of Stuart D. Walker as district 
manager in charge of a new sales office 
that has been opened in the Boston area, 
at 368 Washington Street, Dedham, Mass., 
to serve the New England states. 


Theodore S. Hoffman has been named 
vice president and manager of the Semi- 
conductor Division of Hoffman Elec- 
tronics Corporation. He succeeds Dr. Mor- 
ton B. Prince who has been appointed to 
the newly created staff position of chief 
scientist and divisional vice president. 
Dr. Paul N. Russell, director of technical 
operations for the Division, has been as- 
signed temporarily to the Evanston, II1., 
facilities. Robert L. Sigwell, manager of 
manufacturing at Evanston, has been 
promoted to director of operations at that 
location. 


The appointments of two assistant tech- 
nical directors of Allied Chemical’s Gen- 
eral Chemical Division were announced 
by John C. Fedoruk, technical director. 
They are Charles B. Miller and Dr. Cur- 
tis B. Hayworth, both headquartered at 
the General Chemical Research Labora- 
tory in Morris Township, New Jersey. 


David W. L. Hickie has been appointed 
manager of marketing for the Lynch- 
burg Operation of the General Electric 
Company’s Rectifier Components Depart- 
ment. He will be responsible for advertis- 
ing and sales promotion, application engi- 
neering, marketing administration, prod- 
uct planning, product sales and customer 
service for all of the Company’s selenium 
and copper oxide rectifiers. 


Dr. Christopher J. B. Fincham has been 
appointed technical director of the Met- 
als Division, National Research Corpora- 
tion, Dr. Fincham received his profes- 
sional degrees from the University of 
London and has specialized in the physi- 
cal chemistry of metallurgical systems, 


The appointment of two senior sales 
engineers for the Semiconductor Division 
of Sylvania Electric Products Ine. has 
been announced by Roger A, Swanson, 
Western Regional sales manager for the 
division. Appointed are William M. Mont- 
gomery, who will open a new semicon- 
ductor sales office in San Diego, and 
Lorin C. Weiss, who will be located at 
Sylvania’s sales offices in Los Angeles. 


Norman E. Lambert, formerly project 
engineer with Pacific Semiconductors, has 
been appointed chief applications engi- 
neer, a newly created position at Stand- 
ard Rectifier Corp. He will have respon- 
sibility for instrumentation and custom 
assembly engineering applications, 


| Wire and Component Bonder. 


MICROCIRCUITRY MACHINE — Will hold 
as many as 16 tools to make possible all 
necessary operations for progressive build- 
up of complete microcircuit on a substrate. 


K&S MODEL 410 
for progressively building 
up acomplete microcircuit 


Flexible design of this precision 
equipment cuts time and cost in 
research, development and pro- 
duction; results in higher relia- 
bility at the finished assembly. 


@ Eight tools can be mounted on 
each of two turrets, permitting a 
total of 16 sequenced operations. 


@ Optional equipment include 
probe points for electrical testing, 
thermo-compression bonding tools, 
vacuum component handling tools, 
welding tools, hot and cool gas jets 
for soldering, conduction soldering 
tool, wire feeds, nail head and 
stitch bonding tool, ete. 


@ Turrets controlled by chessman 
joystick micromanipulators for 
x-y motion; levers for z motion. 


@ Work column holds substrates 
up to 144 inches square, provides 
controlled heat, vacuum hold down 
and protective gas cover as well as 
x-y and rotational movement. 


@ Microcircuit can be built up on 
substrate and tested without its 
removal from machine. 


@ Entire operation under constant 
visual control (B & L Stereo-Zoom 
microscope optional). 


Other K&S microcircuitry 


> mi equip- 
ment: Multi-Dice Bonder: 


Three- 
Point Device Probe; Substrate 


write or call... 


KULICKE 
and SOQOFFA 


MANUFACTURING Co, INC, 


Y and Microcircuit Industries 


401 NORTH BROAD Silt. 
PHILADELPHIA 8; PA. 

WAInut 5-4270 
Direct Distance Dial Code: 215 


Pioneer Designers and Builders 
of Equipment 
for the Semiconductor 
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Get Optimum 


e thermal conductivity 
electrical conductivity 
sealing ability 
expansion compatibility 
processing qualities 


e * 
MUL f; LAYER 
clad wire 


*Trademark of Metogg Controls, Inc. 


#446 STAINLESS CLAD COPPER 
GLASS SEALING WIRE 


Through the material matching 
magic of MULtiLAYER clad 
metals you can now have a glass 
sealing wire which has a copper 
core for conductivity and a stain- 
less steel jacket for thermal ex- 
pansion properties approximat- 
ing that of glass. This means a 
perfect combination for glass-to- 
metal seal material for terminals, 
hermetic seal headers, switches, 
relays, coils, capacitors, rectifiers, 
transformers, potentiometers, etc: 

The clad bond between the 
oxygen free high conductivity 
copper and the #446 stainless 
steel is an absolutely sound, met- 
allurgical bond with no interliner, 
solder, or brazing alloy — con- 
tinuous, complete, and gas tight. 


ee, 


WRITE or call Marketing 
Manager, Clad Wire depart- 
ment for FREE LITERATURE 
which gives physical and 
mechanical properties of this 
wire and other specifications 
such as co-efficients of ex- 
pansion, temper, forms and 
sizes, and weights. 


HA 
| 
| 
| 
| 
\ 
| 


METALS & CONTROLS INC., 
2009 Forest Street, Attleboro, Mass. 
A CORPORATE DIVISION OF 


INSTRUMENTS 


INCORPORATED 


TEXAS 


® 
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Dr. Val Kudryk has been elected Presi- 
dent of Accurate Specialties Co., Inc. of 
Hackensack, according to an announce- 
ment by Nathan Zimmer, Chairman of 
the Board of Directors. Dr. Kudryk pre- 
viously headed High Purity Metals Inc., 
one of the company’s subsidiaries. He 
will continue in that post. 


Lloyd L. Friend has been named Man- 
ager of the Saratoga Semiconductor Divi- 
sion of the Espey Mfg. & Electronics 
Corp. of Saratoga Springs, New York ac- 
cording to a recent announcement by Na- 
than Pinsley, President of the Corpora- 
tion. Dr. Friend will handle production 
of all semiconductor products manufac- 
tured by the Division. 


Merle J. Davis, a pioneer in research 
and production in the electronics field, 
has been appointed sales manager of 
Anchor Alloys Inc., it is announced by 
Herbert Drapkin, president. In his new 
post Mr. Davis is in charge of domestic 
and world sales for the firm which manu- 
factures alloys and component parts for 
semiconductor products. 


Robert F. English has been appointed 
sales engineer by Rheem Semiconductor 
Corporation, it was announced by J. D. 
Hurley, marketing manager. Mr. English 
is in charge of the district sales office at 
401 Lowell Street, Lexington, Massachu- 
setts. He previously was a sales engineer 
for Hughes Semiconductor Division. He 
attended Massachusetts Institute of Tech- 
nology. 


Henry Merino, Jr. has joined Raytheon 
Company as a sales engineer for the firm’s 
Semiconductor Division. From his office 
at 6121 Excelsior Boulevard, Minneapolis, 
he will be responsible for sales and serv- 
ice of Raytheon transistors, diodes, and 
Circuit-Paks in the Minneapolis-St. Paul 
area. 


SECOA Electronics Corporation, a 
manufacturer of high power silicon tran- 
sistors, located at Westbury, L. I, an- 
nounces the appointment of Frederick M. 
Sawyer as Manager of Process Engineer- 
ing. Mr. Sawyer was formerly a transistor 
Design Engineer at the RCA Semicon- 
ductor Division where he was working 
on the development of industrial silicon 
power transistors. 


BACK ISSUES 


1.00 Each 


1958—Jan/Feb; March/April; 
May/June; Nov/Dec. 


1959—Dec. 


1960—March, May, June, July, 
Aug., Sept., Nov. 

1961—Feb., Mar., April, May, 
June, Aug. 
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HARVEY RADIC 


are on 
the move | 


NEW TYPES 
eNEW PRICES 


| 
ER TRANSISTORS 


HIGH POW 
TYPE PACKAGE j PRICE 
50 AMP. ROUND BASE 
2 | 1-99 | 100-999 
2N1522 TO 36 $18.25 | $13.50 
2N1523 TO 36 24.30 | 18.00 
35 AMP. ROUND BASE 
2N1520 TO 36 10.45 7.15 
2N1521 TO 36 11.80 | 10.25 
25 AMP. ROUND BASE 
2N1518 TO 36 7.05 5.25 
2N1519 TO 36 10.80 8.00 
15 AMP. ROUND BASE 
2N1100 TO 36 16.20 | 12.00 
2N1412 TO 36 12.85 9.50 
2N1970 TO 36 5.70 4.25 
2N1099 TO 36 9.45 7.00 
JAN 2N174 TO 36 14.85 | 11.00 
2N1358 TO 36 14.85 | 11.00 
2N1358 (Sig. C) TO 36 14.85 | 11.00 
2N174A TO 36 14:85 | 11.00 
2N174 TO 36 6.40 4.75 
2N173 TO 36 5.70 4.25 
2N443 TO 36 5.40 4.00 
2N278 TO 36 4.75 3.50 
2N442 TO 36 4.35 3.25 
2N277 TO 36 3.40 2.50 
2N441 TO 36 3.00 2.25 
5-17 AMP. DIAMOND BASE 
2N392 TO 3 4.05 3.00 
2N1011 TO 3 4.75 3.50 
2N1011 (Sig. C) TO 3 9.50 7.00 
2N1159 TO 3 4.75 3.50 
2N1168 TO 3 2.70 2.00 
2N1534 TO3 2.05 1.50 
2N1535 TO3 2.10 1.60 
2N1536 TO3 3.45 2.55 
2N456A TO3 2.35 1.75 
2N457A TO3 2.95 2.20 
2N458A TO3 4.20 3.15 
2N1021 TO 3 5.70 4.25 
2N1022 TO3 8.80 6.50 
2N1160 TO 3 5.05 3.15 
3-4 AMP. DIAMOND BASE 
2N665 TO3 $10.80 | $8.00 
2N665 (Sig. C) TO 3 10.80 8.00 
JAN 2N665 TO3 10.80 8.00 
2N669 TO 3 1.60 1.20 
2N553 TO 3 5.40 4.00 
2N1971 TO 3 4.05 3.00 
QN297A (Sig. C) TO 3 3.00 2.25 
1.5 AMP. MINIATURE DIAMOND 
2N1172 TO 37 3.10 2.30 
2N1611 TO 37 3.70 2.75 
2N1612 TO 37 4.75 50 
POWER RECTIFIERS 
TYPE PACKAGE | PRICE 
= 22 AMPERES 
~IN1191A DO 5 2.35 1.75 
IN1192A DO 5 3.00 2.25 
1N1193A DO5 4.05 3.00 
PINVNAT — I EDO: 5.40 4.00 
40 AMPERES 
1N1183A DO5~> 3.25 2.40 
1N1184A DO 5 3.90 2.90 
1N1185A DO 5 5.05 3.75 
1N1186A DO 5 6.75 | 5.00 


INFORMATION PRINTED IN 
BOLD INDICATES NEW TYPES 
AVAILABLE AND PRICE CHANGE. 


PRICES SUBJECT TO CHANGE WITHOUT NOTICE. 


PRODUCTS OF 
GENERAL MOTORS CORP. 


DISTRIBUTED BY . 


HARVEY RADIO €O., INC. 


103 West 43rd Street, New York 36, N. Y. 
JU 2-6380 
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Graphite Facts 


by George T. Sermon, President 
United Carbon Products Co. 


Watch out for that 
“price pitfall” 


Here’s how it happens. An engineer 
in charge of a semiconductor proc- 
essing program designs an experi- 
mental carbon graphite fixture. His 
initial order — only 10 parts. Then, 
somebody who's unfamiliar with 
the potential production problems 
checks into prices. This person 
finds he can buy the 10 fixtures from 
a small shop at a considerably lower 
price than that quoted by a large, 
experienced supplier. Result: he 
buys on price alone. 


Comes the rub. The engineer soon 
needs 50 more parts . . . then 500 
. then 1,000. Now the program 
is in high gear. and the supplier can 
neither handle the job nor afford to 
tool up for it. The large, experienced 
(and financially stable) supplier 
would have been able to reduce his 
unit price as volume grew — prob- 
ably even to the point where it 
would have been competitive with 
the small shop’s original price. 


The point: In semiconductor proc- 
essing, an original higher price for 
pilot parts should be accepted as an 
important investment in the future 
program. The moral: Take your 
engineer's advice on carbon graphite 
purchases. We're quite sure what 


that advice will be. 


WEREaIR carbon products co. 


BOX 747 BAY CITY, MICHIGAN 
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EISLER. @ wa name to re- 


member in GLASS WORKING MACHINERY 
—Automatic and Semi-Automatic Ma- 
chines to suit your production needs in 
the electronic and TV tube industry. 


INDEX TO 
ADVERTISERS 


For reference purposes, the advertisers 
intlex Naan all regular advertisers } 
who have run within the current con- : 
tract year. These advertisers who appear : 
in this issue are indicated by the ge 
number adjacent to their listing, and are 
shown in a bold-face type. 


EISLER 72 KVA PRECISION VERTICAL SPOT WELDER 


Accurate Specialties Company, 
Incorporated 

Aerotronic Associates, 
Incorporated 

Allegheny Electronic Chemical 
Company 

Allied Chemical Corporation 
General Chemical Division .... ; 

Allied Radio Corporation 

Alloys Unlimited Incorporated . 

Alloys Unlimited Chemicals, 
Incorporated 

Alpha Metals, Incorporated 

American Optical Company 

Art Wire & Stamping Company 

Avnet Corporation 


“hy an ae ey 
4 3 ° 
a | ez => 
: a7. 2 < 
4. 3 — > 


——s a - See: 
AUTOMATIC SEALING-IN MACHINE 


Baker, J. T. Chemical Company 2-3 

Barber-Colman Company 
Wheelco Industria! Instruments 
Division 

Bay State Abrasive Products 
Company 

Becco Chemical Division Food & 
Machinery & Chemical 
Corporation Cover Ii 


Bell Telephone Laboratories 

Blue M Electric Company 

Boonton Electronics Corporation 

Brady, W. H. Company 

Brinkman Instruments, 
Incorporated 

Bronwill Scientific Division of 
Will Corporation 

Burke & James, Incorporated 


HIGH TEMPERATURE HYDROGEN 
ATMOSPHERE FURNACE 


Carborundum Company 


Ceramics For Indusiry, 
Corporation 


Charleston Rubber Company 
Cohn, Sigmund Corporation 
Conforming Matrix Corporation 
Cominco Products, Inc. 


Crane Packing Company 
Lapmaster Division 


Davies-Shea, Incorporated 


Davison Chemical Company 
Division of WR Grace 


Delta Design, Incorporated 

Design Tool Company 

Despatch Ovens Company 

Dixon, Wm. Incorporated 

Dow Corning Corporation 

Duramic Products, Incorporated 
Dynatran Electronics Corporation 63 


Eagle-Picher Company, The 

Eisler Engineering Company, 
Incorporated 

Electro Impulse Laboratory 

mt | NO. 23-24-BSTI 

EISLER ENGINEERING CO., INC. 


/ 766 So. 13th St., Newark 3, N.J. 
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(Continued on page 63) | 


HIGH FREQUENCY 
: } Juductiou 


; Dy) HEATING 


Lepel 


Lepel induction 
heating equipment is the “I 
most practical and efficient | 
source of heat developed for 
numerous industrial applications 


DUAL PURPOSE 
FLOATING ZONE AND 
CRYSTAL PULLING FIXTURE 


A new fixture with separate attachments 
for crystal pulling and floating zone appli- 
cations for use with a high frequency 
induction heating generator. 


THE FLOATING ZONE METHOD is used ex- 
tensively for zone refining and for grow- 
ing crystals of high purity silicon for semi- 
conductor devices by traversing a narrow 
molten zone along the length of the proc- 
ess bar in a controlled atmosphere. 


THE CRYSTAL PULLING METHOD is used for 
growing single crystals of various mate- 
rials, especially germanium, by bringing 
a seed of known crystal orientation into 
contact with the surface of the molten 
metal and slowly withdrawing the seed, 
producing progressive crystallization. 


FLOATING ZONE 


The Lepel Model HCP-D consists of the 
basic unit with the traverse mechanism 
and all the controls including the controls 
for the operation of the generator, and the 
floating zone and crystal pulling attach- 
ments. The same basic support, program- 
ming and control unit is used in either 
adaptation. The major variations are in the 
attachments and the induction coils. The 
change from one application to the 
other can be accomplished in 
a very short time. 


Our engineers will process your work 
samples and return the completed 
job with full data and recommenda- 
tions without cost or obligation. 


WRITE FOR NEW LEPEL CATALOG 


Z Lich FREQUENCY 
h EP E'& | ABORATORIES, INC. 


55th ST. & 37th AVE., WOODSIDE 77. N. Y. 
CHICAGO OFFICE: 6246 WEST NORTH AVE. 
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(Continued) 


Electronic Metals and Electronic 
Research Associates Alloy, Inc. 12 

Elinex 

Engelhard Industries, 
Incorporated 

Epoxy Products 

Espey Manufacturing & 
Electronics Corporation 
Saratoga Semiconductor 
Division 

Ewald Instruments 


Federated Electronics 
Incorporated 
Fisher Scientific Company 


Garner, T. H. Company ........ 60 

General Electric Company 
Lampglass Division 
Semiconductor Products 
Department 

General Instruments Corporation 

Grace Electronic Chemicals, 
Incorporated 

Graphic Systems 

Greibach Instruments 
Corporation 


Harvey Radio Company, 


Incorporated: i Fick sae ecb 61 
Hayes, C. I. Incorporated 
Hevi-Duty Electric Company .... 11 


Hughes Aircraft & Company 
Hunter Tools Company 


Indium Corporation of America, 
The 
Induction Heating 


Jelrus Technical Products 
Corporation 

Johnson & Hoffman Manufactur- 
ing Corporauon-.c.0. sank ees 55 


Kahle Engineering Company .... 18 

Kanthal Corporation, The ....... 58 

Kennedy Company ............. 54 

Kewaunee Scientific Equipment 

Kessler, Frank Company, 
Incorporated 

Kulicks & Soffa Manufacturing 
Company, TRG ss erc. cc secces 60 


L & R Manufacturing Company 
Lafayette Radio 3. .63.600 <<05 ox 64 
Lepel High Frequency 

LAD GLAIOVIOS 656 cs bce 08) ois. 63 
Lindberg Engineering Company 


Mann, David W. Company 
A Division of Geophysics Cor- 
poration of America .......... 5 
Manufacturers Engineering & 
Equipment Corporation 


Marshall Products Company .... 55 
Merck & Company, Incorporated 
Electronic Chemicals Division... 1 
Micromech Manufacturing 
AE POPOLBUOM. | sircrs hie Kies wa tp 59 
VERA TAY i csc iia stev 0 ince Covers ITA-IIB 


Monsanto Chemical Company 


Newark Electronics Corporation 

New York Air Brake Company, 
The Kinney Manufacturing 
Division 


(Continued on page 64) 
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A complete line of standard “off 
the shelf” instruments . . . covering 
a wide range and variety of semi- 
conductor device measurements. 


Custom designed and manufactured 
semiconductor instrumentation 
for both manual and automatic 
operation ... Dynatran’s wealth of 
experience in this field can provide 
you with an economical design 
and realistic delivery dates. 


Write for complete 
catalogue information. 


DYNATRAN 


178 HERRICKS ROAD 
MINEOLA, NEW YORK 


Pioneer 1-4141 
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The LAFAYETTE 
INDUSTRIAL CONCEPT 


se a BSS 
BSS 
—— 
eS 
Ea 
——— 
—S— 
dpa Ss 


expands your research 
potential through it’s 


Texas Instruments ; ies 
Single Source ty , 
Component Availability “€> | 


The bulk of the profits your company will enjoy 
ten years from now will probably come from 
products in your research and design labs today. 


Lafayette, in association with Texas Instruments, 
expands your research potential through its Single 
Source Availability. Whatever your T.I. compo- 
nent requirements, Lafayette provides immediate 
off the shelf delivery at factory low prices to 
any point in the U. S. and Canada — Precision 
Resistors — hard glass hermetic, mil line and 
molded lines . . . Sensing Silicon Resistors . . . 
Tantalum Capacitors . . . Semiconductors for 
both commercial and mil spec application, in- 
cluding Diodes, Rectifiers, Photo Diodes, Trans- 
istors, Industrial Silicon Transistors and Light 
Sensors. And, Lafayette’s technically trained rep- 
resentatives are always ready to serve you 
with Mil Spec. data, engineering information 
and application assistance. When _ research 
specifies T.I., for faster delivery lending to 
increased efficiency and productivity, SPECIFY 
LAFAYETTE AS YOUR PRIME SOURCE. 


Thousands of Electronic Firms Have Expanded Their 
Research Potential Through Lafayette. Has Yours? 


ao i'r =: 
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Industrial Electronics Divisions 
“ENTERPRISE’’ NUMBERS IN MAJOR CITIES 


JAMAICA NEW YORK NEWARK BOST 
165-08 LIBERTY AVE. | 100 SIXTH AVENUE | 24 CENTRAL AVE 110 Pepn eae ST 
JAMAICA 33, N. Y. NEW YORK 13, N. Y. NEWARK 2, .N. J. | BOSTON 10, MASS 
OLympia 8-5050 WOrth 6-5300 MArket 2-1661 HUbbard 2-0311 
TWX: NY 4-933 TWX: NY 1-648 TWX: BS-447U 
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North Hills Electronics, 
Incorporated 
Norton Company 


Ohio Carbon Company 
Optimized Devices, Incorporated 


PRL Electronics, Incorporated 

Penfield Manufacturing Company, 
Incorporated 51 

Pereny Equipment Company, 
Incorporated 

Philco Corporation 
Lansdale Division 

Pitt Precision Products, 
Incorporated 

Power Designs, Incorporated 

Pure Carbon Company, 
Incorporated 


Raytheon Company 
General Instrument Corporation 
(Commercial Apparatus & 

Semiconductor Division) 

Test & Production Tools 
Semiconductor Division 

Reid Brothers Company, 
Incorporated 

Rescon Electronics Corporation 

Research Chemical Division 
Nuclear Corporation of America 

Ross, Milton M., Company 


Schweber Electronics 
Sandland Tool & Machine 
Company 
Secon Metal Company 
Semi-Alloys, Incorporated 
Semiconductor Specialties 
Corporation 
Semimetals, Incorporated 
Sonex, Incorporated 
Sprague Electric Company Cover IV 
Sylvania Electric Products, 
Incorporated 
Chemical & Metallurgical 
Division 
Parts Division 
Techni-Rite Electronics, 
Incorporated 
Tektronix, Incorporated 
Temperature Engineering 
Corporation 
Texas Instrument Incorporated 
Metals and Controls Division .. 61 
Trak Electronics Company 
Division of Textool Products, 
Incorporated 
CGS Laboratories 
Trans Electronics Corporation 
Tri-Metal Works, Incorporated 
Cover II 
Trinity Equipment Corporation 
Trygon Electronics, Incorporated 


United Carbon Product Company 62 
Unitron Instruments Division of 
United Scientific Company 


Vacuum Tweezer Co., (The) 
Veeco Vacuum Corporation 


Wallson Associates, Incorporated 

W. M. Welch Manufacturing 

Wheelco Industrial Instruments 
Company 

West Instrument Corporation 
Division 

S. S. White Industrial Division 
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SEMICONDUCTOR PRODUCTS 
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NEW YORK 36, N. Y. 


Specification 
Min. Max. Typical Analysi 


Assay: H202 % by weight 30.0 — 32.0 30.0 — 32.0 
Free Acid (as H2SQ4) .003 .0006 
Chloride -001 -00004 
Nitrate -001 -00008 
Phosphate .015 .O11 


Sulfate -0005 -0002 
Ammonia -001 -0006 
Heavy Metals (as Pb) .0001 -00002 
Iron -00005 -00001 


PH glass calomel electrode 3.0 — 3.5 3.3 
25°C (Beckman) 


Stability (24 hrs. 100°C) 95 98 


All figures in terms of % by weight unless otherwise noted. 


BECCO 
BECCO Dept. SCP-61-16 | 
161 E. 42nd St. | 
Hydrogen Peroxide dice Moet a alt : 
Putting Ideas to Work (Name) | 
(Title) | 

FOOD MACHINERY AND CHEMICAL 
CORPORATION (Company) | 
rae mace Becco Chemica! Division Streeb | 
etiabieleee General Sales Offices: 

161 EAST 42nd STREET, NEW YORK 17, N.Y. (City) (Zone) (State) | 
| OE a es eV MMi: Sree RC | 
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A SIGNIFICANT BREAK-THROUGH 
IN TRANSISTOR TECHNOLOGY... 


The Best High-Power, High-Speed Switching 
Transistors Ever Developed Provide the Optimum | 
Combination of Voltage, Power, and Speed 


The Sprague ECDC Transistor is the first to combine the optimum 
features of the electro-chemical precision-etch techniques and dif- 
fused collector techniques in one highly-mechanized process. 

The ECDC Transistor meets these 7 conditions for an ‘‘ideal’’ 
transistor: 


1. Very low collector-to-case thermal resistance through the utilization of 
high thermal conductivity material as the collector body, resulting in 
high power dissipation. 


2. Thin base width for high radiation resistance and lower storage time. 


3. Precision-etched emitter pit permits placement of emitter junction at 
proper resistivity for optimum breakdown voltage and frequency response. 


4. High conductivity surface surrounds emitter pit and close emitter-to-base 
spacing results in extremely low base resistance. 


9. Precision-etched collector provides optimum control of collector series 
resistance with attendant low saturation voltage, low storage time, and 
high breakdown voltage. 


6. Low collector series resistance as a result of the use of high conductivity 
material for the mass of the collector area. 


7. The structure and manufacturing processes are suited for automated 
production equipment with immediate in-process feedback. 


SPRAGUE COMPONENTS 


TYPES 2N2099 & 2N2100 


Sprague’s new Types 2N2099 and 

2N2100 are the first registered types | 

| available in the ECDC Transistor family. ; 

These P-N-P Germanium Electro-Chemical, 

| Diffused-Collector Transistors are espe- - 

cially designed for high current core: 

driver applications. They feature excellent beta: 

linearity from less than 1 ma to over 400 ma, high | 

frequency response, and low saturation resistance. . 

The low-height TO-9 case is ideally suited to meet | 
equipment designers’ needs. 


For prompt application engineering assist- - 
ance, write Commercial Engineering Sec- : 
tion, Transistor Division, Sprague Electric | 
Company, Concord, N. H. 


For Engineering Data on ECDC Transistors, | 
write Technical Literature Section, Sprague | 
Electric Company, 467 Marshall Street, 
North Adams, Mass. | 
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